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FOREWORD 


This  technical  release  was  prepared  by  a committee  composed 
of  representatives  from  each  of  the  E&WP  Units  and  the  SML 
working  in  concert  with  each  of  the  Unit  staffs*  The  Wash- 
ington Engineering  Division  made  several  valuable  contribu- 
tions to  the  arrangement  and  content  of  the  text.  The  material 
presented  is  a compilation  and  refinement  of  procedures  and 
criteria  developed  by  Unit  and  State  staffs  in  planning  and 
designing  open  channels. 

The  technical  release  is  presented  as  a guide  for  use  by  field 
personnel.  It  is  not  intended  to  supersede  or  replace  exist- 
ing handbook  material  relating  to  this  subject.  It  restates 
some  criteria  and  standards  contained  in  other  memoranda  and 
handbooks,  and  introduces  some  new  concepts  that  have  been  suc- 
cessfully used  in  a limited  number  of  site  conditions.  It  is 
not  intended  to  be  complete  in  itself  and  must  be  supplemented 
with  criteria  and  standards  presented  in  national  engineering 
handbooks  and  other  reference  material. 

The  material  is  directed  toward  the  more  complex  type  of  channel 
work  done  by  the  Service.  It  treats  the  planning  and  design  of 
floodways  and  those  drainage  type  channels  where  channel  degra- 
dation and  bank  erosion  are  of  primary  concern.  Channels 
having  low  gradients,  irrigation  distribution  and  supply  channels, 
vegetative  waterways,  and  similar  channels  are  adequately  treated 
in  existing  handbooks. 

Field  engineers  should  recognize  that  some  of  the  criteria  pro-  . 
posed  are  in  the  formative  stage  and  thus  have  not  been  fully 
tested.  Additional  field  trials  and  further  research  will  be 
needed  before  some  of  the  criteria  can  be  used  nationally  with 
confidence.  When  using  criteria  that  have  not  been  fully 
substantiated,  field  engineers  should  check  the  results  against 
other  available  methods  and  exercise  judgement  in  arriving  at  a 
final  solution.  Precautionary  statements  are  included  in  the 
text  regarding  use  of  such  criteria.  In  applying  the  procedures 
and  criteria,  careful  consideration  should  be  given  to  the  scope 
and  importance  of  the  job.  It  is  not  intended  that  all  the  steps 
outlined  are  applicable  to  all  site  conditions. 

As  more  experience  is  gained  in  the  use  of  procedures  and 
criteria  set  forth  in  this  technical  release,  they  will  be  mod- 
ified and  refined. 
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PLANNING  AND  DESIGN  OF  OPEN  CHANNELS 

CHAPTER  1.  GENERAL  CONSIDERATIONS 

This  guide  defines  the  technical  aspects  of  open  channel  planning 
and  design.  Channel  design  involves  the  fields  of  hydrology,  geology, 
hydraulics,  drainage,  irrigation,  erosion  control,  soil  mechanics, 
and  structural  design.  Adequate  planning  and  design  requires  close 
coordination  of  these  technical  fields. 

Open  channels  are  used  to  serve  a variety  of  functions.  These  include 
flood  protection,  drainage,  irrigation,  diversion  of  water  to  control 
erosion  and  sedimentation,  and  for  recreational  and  other  purposes, 
either  singly  or  in  multiple  purpose  combinations. 

The  contents  of  this  technical  release  are  primarily  directed  at  the 
design  and  planning  of  floodways  and  drainage  channels  where  channel 
erosion  is  of  primary  concern.  The  planning  and  design  of  low  grad- 
ient channels  such  as  irrigation  canals,  drainage  ditches,  grassed 
waterways  and  so  on  are  covered  in  other  service  handbooks . 

Channel  Planning 

In  planning  channel  work  the  objectives  of  the  project  first  must  be 
clearly  defined.  The  level  of  development  or  adequacy  of  improve- 
ments for  each  purpose  and  the  general  location  and  layout  also  needs 
to  be  resolved  in  early  stages  of  planning.  Economic  and  other 
factors  which  are  outside  the  scope  of  this  guide  should  be  considered 
with  the  engineering  alternatives,  based  on  the  procedures  presented 
herein. 

After  the  functional  requirements  of  the  channel  have  been  determined, 
the  following  steps  in  preparing  channel  improvement  plans  and  designs 
are  necessary: 

1.  Field  surveys  to  provide  topographic  information  and  other  physical 
data  pertinent  to  location  and  hydraulic  and  structural  design. 

2.  Geologic  and  soil  investigation  and  testing  of  soil  materials  for 
planning  and  design  requirements. 

3.  Analysis  of  hydrologic  or  other  conditions  to  determine  channel 
capacity  needed  to  meet  project  objectives. 

4.  Use  of  the  above  data  in  developing  the  engineering  aspects  of 
project  formulation. 
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In  the  formulation  stage,  physical  conditions  should  be  determined 
and  an  appraisal  should  be  made  of  other  limitations  imposed  on  chan- 
nel improvements  that  might  limit  functional  performance  in  meeting 
objectives.  These  include: 

l 

1.  Adequacy  of  outlets  to  handle  required  flow  without  excessive 
scour  or  deposition,  and  without  damaging  downstream  flooding. 

2.  Protection  of  water  rights. 

3.  Availability  of  rights-of-way. 

4.  Satisfying  minimum  flow  requirements. 

Adequacy  of  Outlets 

Basic  requirements.  - - In  determining  adequacy  of  outlets,  the  follow 
ing  basic  requirements  should  be  met: 

1.  The  capacity  of  the  outlet  should  be  such  that  the  design  flow 
from  its  watershed  can  be  discharged  into  it  at  an  elevation 
equal  to  or  less  than  that  of  the  hydraulic  gradeline  that  is 
used  for  design  of  the  project.  The  storm  used  for  this  analysis 
should  have  the  same  chance  of  occurrence  as  the  storm  used  for 
design  of  the  improvements. 

2.  Where  subsurface  drainage  is  needed,  the  depth  of  the  outlet 
should  be  such  that  subsurface  drains  may  be  discharged  into  it 
above  normal  low  water  flow. 

3.  The  capacity  of  the  outlet  should  be  such  that  the  discharge  from 
the  project  watershed,  after  proposed  improvements,  will  not 
result  in  stage  increases  that  will  cause  significant  damages 
below  the  termination  of  the  project  channel. 

4.  Flow  conditions  in  the  outlet  should  be  capable  of  maintaining 
equilibrium  with  the  sediment  transport  of  the  project  channel. 
There  should  not  be  excessive  scour  or  deposition  of  sediment  in 
the  outlet. 

Evaluation  of  project  effects.  - - Many  items  must  be  considered  in 
evaluating  project  benefits,  among  these  are: 

1.  The  stage-discharge  relationship  of  the  project  channel,  includ- 
ing overbank-f low,  should  be  determined  for  "before"  and  "after" 
project  conditions. 

2.  Stage-discharge  curves  for  the  outlet  should  be  developed  by 
computing  the  water  surface  profile  through  two  or  more  cross- 
sections  below  the  outlet  using  the  existing  roughness  coefficient 
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3.  The  effect  of  project  improvements  on  stages  in  the  outlet  should 
be  analyzed  for  storms  of  at  least  two  recurrence  frequencies. 

Storm  frequencies  selected  for  the  analysis  should  be  that  used 
for  project  design  and  one  other  significantly  different  from 
the  design  discharge. 

Procedures  outlined  in  National  Engineering  Handbook,  Section  4, 
Hydrology,  Part  1,  Watershed  Planning,  shall  be  used  for  the 
analysis . 

4.  Where  downstream  effects  of  channel  improvement  are  significant 
(stage  increases  will  cause  damages  below  the  termination  of 
the  project  channel)  an  analysis  to  determine  effects  should  be 
carried  downstream  to  the  point  where  effects  have  been  dissi- 
pated. 

5.  Geologic  and  soil  investigations  to  determine  the  effect  of  pro- 
ject improvements  on  the  stability  of  the  outlet  should  be  made 
as  outlined  in  Chapter  3,  "Site  Investigations." 

Special  outlet  conditions.  - - 

1.  Tidal  Influence.  Where  channel  improvements  discharge  into  riv- 
ers, estuaries,  bays,  and  sounds,  which  are  subject  to  tidal  influence, 
the  effect  of  the  tides  on  discharge  from  the  channel  should  be  deter- 
mined. This  is  true  if  the  outlet  is  a tidegate,  which  opens  and 
closes  according  to  the  relative  elevations  of  the  tide  and  the 
hydraulic  grade  of  the  channel;  or  if  the  channel  discharges  directly 
into  tidewater,  without  a tidegate. 

The  characteristics  and  types  of  tides  are  discussed  fully  in  "Tidal 
Datum  Planes."  1/  Annual  editions  of  "Tide  Tables,  High  and  Low 
Water  Predictions"  are  available  from  the  Coast  and  Geodetic  Survey, 

U.  S.  Department  of  Commerce. 

2.  Pumping.  Where  the  project  is  provided  with  pumps  to  discharge  the 
runoff  from  the  watershed,  the  area  may  be  protected  by  levees.  In 
this  case  the  levees  should  meet  the  National  Engineering  Standards 
for  Dikes  and  Levees,  the  pumping  capacity  should  be  adequate  for  the 
design  runoff,  and  the  outlet  into  which  the  pumps  discharge  should 
meet  the  basic  requirements  for  outlets. 

Legal  Requirements 

Applicable  provisions  of  state  water  laws  must  be  met  in  all  channel 
work.  Existing  water  rights  may  require  protection  or  rebuilding  of 
diversion  works,  control  structures  for  regulating  flows,  etc. 


1/  Numbers  refer  to  numbered  references  at  end  of  guide. 
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Preliminary  investigations  should  determine  the  existence  of  any 
water  rights  on  channels  to  be  improved  and  the  limitations  that  they 
may  impose  on  the  improvements „ 

Rights-of-Way 

Acquisition  of  rights-of-way  is  an  essential  element  of  channel  im- 
provement. Careful  consideration  of  this  element  from  the  preliminary 
investigation  or  reconnaissance  stage  through  the  construction  stage 
will  greatly  expedite  the  job  and  reduce  its  cost.  Certain  modifi- 
cations of  location  and  alignment,  within  the  limits  of  good  design, 
may  be  made  to  ease  rights-of-way  problems. 


CHAPTER  2.  FIELD  SURVEYS  & PLAN  LAYOUT 


General 


Objectives  of  the  Engineering  Survey 

The  surveys  for  channel  improvement  work  should  be  in  sufficient  detail 
to : 

1.  Determine  the  location,  hydraulic  properties  and  condition  of 
existing  channels  and  associated  structures. 

2.  Determine  the  needed  improvements  on  existing  channels  and  the 
required  additional  channels  and  appurtenant  structures. 

3.  Determine  the  cost  of  the  needed  improvements. 

4.  Prepare  suitable  land  rights  work  maps  for  easements  and  working 
permit  requirements . 

These  objectives  apply  to  both  planning  surveys  and  final  design  sur- 
veys and  differ  only  in  the  amount  of  detail  and  precision  needed  for 
the  respective  stages  of  project  development. 

Preliminary  Surveys 


Information  Needed 


To  accomplish  the  objectives  stated  above,  the  following  information 

is  needed  for  planning  channel  work: 

1.  Drainage  area  at  junctions  of  tributaries  and  all  flow  control 

points.  Drainage  areas  also  should  be  delineated  for  valley  sec- 
tions used  for  hydrologic  and  economic  evaluations  where  these 
are  needed  at  locations  other  than  at  junctions  of  tributaries 
and  structural  control  points. 

The  drainage  area  determinations,  including  those  needed  for 
drainage  purposes,  should  be  made  carefully  for  use  in  both  the 
planning  and  the  final  design  stages  of  the  project. 

Where  USGS  or  CE  quadrangle  maps  are  available  they  are  usually 
sufficiently  accurate  for  delineating  and  planimetering  the 
required  drainage  areas,  except  for  extremely  flat  land.  Field 
surveys  may  be  required  to  determine  watershed  divides  on  flat 
land.  Where  feasible,  the  delineation  of  drainage  areas  should 
be  checked  by  means  of  a stereoscopic  study  of  4-inch  or  8-inch 
= 1 mile  aerial  photos. 
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All  maps,  especially  in  flat  topography,  should  be  field  checked. 
This  step  should  be  done  preferably  in  the  pre-planning  stages  to 
avoid  the  need  for  revisions  as  the  planning  work  progresses. 

2.  Approximate  profiles  of  the  existing  channel  showing  the  elevation 
of  the  existing  channel  bottom,  low  bank,  points  of  natural  low 
ground  away  from,  but  subject  to,  drainage  into  the  channel,  and 
elevation  and  dimensions  of  all  structures  in  or  over  the  channel. 
In  flat  areas,  occasional  topography  or  perimeter  and  spot  eleva- 
tions may  be  needed  to  determine  the  drainage  pattern.  Existing 
tributaries  should  be  located  and  sufficient  bottom  and  ground 
elevations  obtained  to  permit  correlation  of  hydraulic  gradelines 
and  design  of  any  grade  control  structures  that  may  be  needed. 

3.  Representative  channel  and  valley  cross  sections  for  each  hydraulic 
or  economic  reach.  Additional  channel  cross  sections  should  be 
taken  as  needed  for  reliable  estimates  of  quantities  of  excavation 
and  clearing,  and  to  determine  easement  requirements. 

4.  Mannings  coefficient  "n"  for  each  channel  and  valley  cross  section. 
The  "n"  value  should  be  representative  of  the  hydraulic  reach  to 
which  the  section  applies,  except  that  where  segments  of  a cross 
section  differ  significantly  in  flow  retardance  factors  either 
within  the  channel,  between  the  channel  and  the  flood  plain,  or 
between  segments  of  the  flood  plain,  separate  "n"  values  should  be 
recorded  for  each  segment. 

5.  The  location  and  elevation  of  all  soil  investigation  sites  along 
the  proposed  channel. 

6.  Stationing  and  delineation  of  apparent  ownership  boundary  lines 
in  the  vicinity  of  probable  channel  improvement  work. 

7.  Data  including-dimens ions , elevations,  kinds  of  material,  and 
condition  of  existing  structures  such  as  bridges,  culverts,  drops, 
and  dams . 

8.  Data  including  acreage  and  density  of  brush,  trees  and  debris  on 
clearing  required. 

9.  Other  significant  features  affected  such  as  roads,  pipelines, 
power  and  telephone  lines,  buildings,  wells,  cemeteries,  and 
fences.  Such  features  should  be  located  on  aerial  photographs  or 
base  maps  and  the  elevations  of  strategic  points  recorded. 

Survey  Procedures 


The  survey  procedure  for  "Preliminary  Surveys"  outlined  in  the  National 
Engineering  Handbook,  Section  16,  2/  Chapter  2,  is  applicable. 
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Horizontal  Control 

Where  suitable  8-inch  aerial  photographs  (or  aerial  mosaics)  are 
available  which  show  sufficient  detail  to  locate  and  identify  an 
existing  channel  that  can  be  used  as  a base  line,  it  will  not  be 
necessary  to  run  a transit  traverse  in  the  planning  stage  to  estab- 
lish a base  line.  Other  existing  maps  or  plans  of  equivalent  accu- 
racy sometimes  are  acceptable  for  this  purpose. 

Horizontal  control  for  the  planning  and  design  of  stream  channel 
improvement  varies  with  the  survey  method  selected.  In  most  cases, 
sufficiently  accurate  horizontal  control  can  be  obtained  from  semi- 
controlled  aerial  mosaics  for  both  planning  and  preliminary  design 
of  channel  work.  The  aerial  mosaic  also  may  be  used  to  show  drainage 
areas,  flood  plain  area,  control  elevations,  channel  locations,  land 
ownership,  etc. 

The  following  steps  are  involved  in  obtaining  semi-controlled  aerial 
mosaics : 

1.  Using  the  latest  available  aerial  photos  of  the  flood  plain 
(preferably  the  4”  = 1 mi.  scale),  select  two  points  near  the 
center  of  each  aerial  photo,  which  can  be  identified  on  both 
the  aerial  photo  and  on  the  ground.  These  points  should  be 

at  least  500  feet  apart  and,  preferably  parallel  with  the  flood 
plain.  Some  additional  accuracy  may  be  obtained  by  selecting  a 
second  line,  approximately  perpendicular  to  the  first,  on  each 
photo.  To  facilitate  identification  and  measurement,  these  lines 
should  be  selected  along  established  lines,  such  as  roads  or 
fences.  Also,  delineate  the  approximate  area  of  the  flood  plain 
on  the  aerial  photos. 

2.  Measure  the  distance  to  the  nearest  foot  between  the  selected 
points  in  the  field.  Stadia  distances  may  be  used  for  lines  up 
to  about  1000  feet  long.  Identify  the  points  on  the  photos 

by  a small  pin  prick  at  each  point.  Circle  the  pin  points  on 
both  the  front  and  back  of  the  photo.  Also,  number  or  letter 
each  point  for  identification  and  mark  the  distance  between  the 
points  on  the  back  of  each  photo.  For  a permanent  reference, 
record  each  measurement  in  a field  notebook  as  follows: 
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Approx . 

Photo  No.  Date  Point  Line  Brg . Length  Description 


DGB-2E- 

110 


27  Apr.  A 
1949 


B 


DGB-2E- 

112 


27  Apr.  C 
1949 


D 


DGB-2E- 

4S 


27  Apr.  E 
1949 


F 


<£  rd.  at  bridge 
Roanoke  Chan. 

A-B  NE  548’ 

N.W.cor.f ld.N.  of 
rd.  and  E.  of  Chan. 

S .W. cor .fid. with  N-S 
lines,  N.  of  Roanoke 
Chan. 

C-D  ENE  942' 

S ,E. cor .fid. with  N-S 
lines,  N.  of  Roanoke 
Chan. 

rd.in  line  with 
N-S  fence  W.  of  barn 
about  300'  W.  of  rd. 
junc . 

E-F  SSW  736' 

j.  rd.in  line  with 
N-S  fence  on  W.  side 
of  L-shaped  fid.  S. 
of  rd. 


3.  Have  prepared  from  these  photographs  a semi-controlled  aerial 
mosaic  of  the  flood  plain  to  a scale  not  smaller  than  1"  = 400' . 

A film  positive  should  be  prepared  of  the  aerial  mosaic  on  22,f  x 
30"  plan-profile  sheets  with  the  aerial  mosaic  as  the  plan  portion 
of  the  sheet.  At  least  two  copies  of  each  film  positive  are 
suggested  - one  for  use  in  preparing  a problem  location  map  and 
profile  of  the  channel  and  flood  plain,  and  the  other  for  use  in 
preparing  the  location  plan  and  profile  of  channel  improvement. 
Also,  ozalid  prints  of  each  sheet  are  suggested  for  use,  as 
working  copies  by  all  planning  specialists  in  planning  and  evalu- 
ating project  works  of  improvement. 

4.  In  areas  for  which  USGS  topographic  maps  (scale  1"  = 2000')  have 
been  completed  recently  by  photogramme trie  methods,  the  aerial 
mosaic  may  be  semi-controlled  to  these  USGS  quadrangle  sheets. 

In  this  case,  the  steps  outlined  in  items  1 and  2 above  would  not 
be  needed. 
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Where  serai-controlled  aerial  mosaics  are  used  for  horizontal  control, 
the  location  of  stream  channel  improvement  may  be  shown  on  these 
mosaics.  Other  existing  maps  or  plans  of  equivalent  accuracy  some- 
times are  acceptable  for  this  purpose. 

The  following  steps  are  needed: 

1.  Draw  a preliminary  centerline  in  pencil  on  the  mosaic,  showing 
curves,  intersecting  angles,  etc.  Plot  and  measure  intersection 
angles  by  the  tangent  method  for  accuracy.  To  locate  the  center 
of  curvature  accurately,  erect  perpendiculars  - do  not  use 
triangles . 

2.  Walk  the  full  length  of  the  flood  plain,  noting  on  an  ozalid  print 
of  the  aerial  mosaic: 

Probable  channel  realignment, 

Points  of  significant  breaks  in  grade, 

Location  of  all  channel  cross  sections  obtained  with 
a hand  level, 

Location  of  all  rock  outcrops  or  critical  soil  conditions. 
Approximate  locations  where  valley  cross  sections  may  or 
should  be  obtained, 

Location  of  significant  tributary  junctions  and  places 
where  side  inlets  may  be  needed, 

Location  of  utility  crossings,  such  as:  power  lines, 

telephone  lines  (aerial  or  buried)  and  pipe  lines. 

Obtain  hand-level  cross  section  of  the  channel  at  all 
visible  pipe-line  crossings  to  show  general  relation 
of  the  pipe-line  elevation  with  the  present  channel 
bottom  and  bank  elevations,  and 
Location  of  fence  lines  and/or  apparent  property  lines, 
foot  bridges,  etc.,  if  not  already  visible  on  photo. 

3.  Following  the  field  check,  accurately  establish  the  revised 
centerline  on  the  aerial  mosaic.  The  final  selection  of  align- 
ment should  be  based  on  full  use  of  all  cross-section  data  and 
geologic  data,  which  may  affect  the  stability  or  costs  of  the 
improvement . 

4.  Show  the  actual  location  of  all  surveyed  cross  sections  on  the 
aerial  mosaic. 

If  suitable  aerial  photographs  are  not  available,  it  will  be  necessary 
to  establish  a base  line  in  the  field  by  means  of  an  instrument 
survey.  Where  feasible,  the  base  line  should  be  located  close  to  the 
improvement  area  but  outside  of  brushy  or  wooded  areas  and  any  pro- 
bable construction  areas.  This  will  facilitate  survey  work  and  avoid 
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the  necessity  of  establishing  a new  base  line  at  the  time  of  construc- 
tion. This  is  usually  done  by  staking  a series  of  tangent  lines 
offset  a convenient  distance  from  the  centerline  of  the  existing  chan- 
nel. It  is  recommended  that  all  points  of  intersection  (PI  s)  of  the 
tangent  lines  be  staked  with  metal  pins,  when  practicable,  for  later 
use  in  final  design  and  construction  layout  surveys.  A closed  traverse 

survey  should  be  made  on  this  base  line.  For  closed  traverse  sur- 

veys , the  error  of  angular  closure  should  not  be  greater  than  1.5VN 
minutes,  N being  the  number  of  angles  in  the  traverse.  Horizontal 
closure  of  chained  distances  should  not  exceed  1.0  foot  per  1000 
feet  of  traverse  length.  All  traverse  angles  should  be  doubled  and 
checked  by  comparing  computed  bearings  with  observed  magnetic  bear- 
ings . 

The  use  of  a coordinate  system  will  often  facilitate  the  drafting 
and  layout  of  complex  horizontal  controls.  The  coordinates  should  be 
related  to  existing  systems  in  the  area,  where  established,  or  to  an 
assumed  origin  located  so  that  all  traverse  points  will  plot  in  the 
s ame  quadr  an  t . 

Vertical  Control 

Vertical  datum.  - - Mean  sea  level  datum  is  recommended  for  all  channel 
improvement  work. 

Bench  marks.  - - Reasonably  permanent  bench  marks  should  be  estab- 
lished in  the  work  plan  stage  at  tributary  junctions,  at  or  near 
bridges  or  culverts  where  channels  intersect  roads,  and  at  the  be- 
ginning and  end  of  channels.  In  addition,  temporary  bench  marks  are 
suggested  at  approximately  one-half  mile  intervals  along  the  valley 
to  facilitate  the  survey  of  valley  cross  sections  and  the  preparation 
of  an  adequate  profile. 

All  bench  marks  should  be  set  by  making  turns  through  each  bench 
mark;  they  should  never  be  set  by  side  shots  from  the  level  circuit. 
Level  circuit  surveys  should  be  closed  within  the  required  degree  of 
accuracy.  The  bench  mark  may  be  a plate  or  cap  set  in  concrete,  a 
plate  on  a concrete  post  similar  to  those  used  by  USGS , or  other  sim- 
ilar means  that  will  give  the  same  degree  of  permanency.  Manufactured 
survey  markers,  consisting  of  metal  stakes  with  bronze  caps  are  some- 
times used  because  they  are  relatively  inexpensive  and  can  be  set 
quickly  and  easily.  Where  manufactured  markers  are  not  used,  it  is 
advantageous  to  tag  each  bench  mark  with  an  aluminum  tag  showing  the 
bench  mark  number  and  elevation. 

Permissible  error  of  closure.  - - For  most  channel  work,  vertical 
control  is  of  paramount  importance.  Channel  designs  are  dependent  upon 
the  amount  of  fall  between  hydraulic  control  points.  Therefore,  "third 
order"  leveling  (i.e.,  .05  times  the  square  root  of  the  length  of 
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level  circuit  in  miles)  should  be  maintained  for  all  bench  level 
circuits,  including  sub-circuits  within  larger  circuits.  These 
bench  marks  should  be  established  to  the  specified  degree  of  accuracy 
in  the  planning  stage  for  use  in  botih  the  planning  and  final  design 
surveys . 

Stationing 

Main  channel.  - - The  base  line  should  be  stationed  in  conformance 
to  Engineering  Memorandum  SCS-39. 

Where  semi-controlled  aerial  mosaics  are  used  to  show  the  location 
of  channels,  mark  the  stationing  on  the  centerline  with  a short  dash 
at  each  200-foot  point. 

Determine  the  stations  at  all  cross  sections  and  the  pertinent  fea- 
tures noted  during  the  field  reconnaissance  by  scaling  the  distances 
between  points  on  the  aerial  mosaic.  Although  the  points  and  the 
cross  sections  may  be  numbered  both  on  the  mosaic  and  in  the  note- 
book, these  points  also  should  be  stationed  in  the  field  notebook  as 
a permanent  record.  Thus,  complete  profile  notes  are  obtained 
without  actually  measuring  the  distances  in  the  field. 

Where  preliminary  location  surveys  are  obtained  by  means  of  an  in- 
strument survey,  stationing  is  accomplished  by  measuring  with  a 
chain  or  stadia  in  the  field. 

Tributary  channels.  - - Base  lines  on  tributary  channels  should  be 
tied  into  the  main  channel  base  line. 

Reaches 


The  length  of  design  reaches  normally  is  governed  by  the  distance 
between  points  where  a change  of  elements  of  the  channel  occurs, 
such  as  the  entry  of  a side  tributary  or  a change  in  gradient,  depth, 
width,  etc.  Where  the  elements  of  a channel  are  constant  for  rela- 
tively long  distances,  the  reach  should  be  subdivided  so  that  no 
design  reach  will  exceed  about  1/2  mile  in  length. 

Cross  Sections 


Valley  flood  plain.  - - The  survey  of  valley  cross  sections  used  to 
develop  water  surface  profiles  for  damage  evaluation  should  be 
extended  on  each  side  of  the  valley  to  be  above  the  maximum  high 
water  mark  to  permit  computation  of  flood  plain  storage.  Normally, 
this  work  is  done  in  sufficient  detail  in  the  planning  stage  to 
serve  for  both  the  planning  and  final  design  requirements. 
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Sufficient  points  should  be  surveyed  to  represent  adequately  the 
hydraulic  characteristics  of  the  cross  section.  Elevations  should 
be  established  at  all  significant  changes  in  slope.  The  distance 
between  points  on  the  cross  section  should  not  exceed  300  feet  where 
the  slopes  are  relatively  uniform. 

Channels.  - - Channel  sections  are  required  to  make  reliable  estimates 
of  quantities  and  to  determine  easement  requirements.  They  should 
extend  far  enough  to  permit  improved  channel  alignment  without  addi- 
tional surveys  or  at  least  50  feet  beyond  the  expected  right-of-way, 
whichever  is  greater.  The  allowable  distance  between  cross  sections 
will  vary  with  channel  and  valley  conditions.  Normally,  300  to  1000 
feet  are  sufficient  for  work  plan  estimates.  These  sections  should 
be  tied  into  the  same  basic  datum  as  the  other  sections  in  the  water- 
shed . 

S tructures 


The  condition  and  serviceability  of  all  structures  should  be  recorded. 
Adequate  survey  data  are  needed  for  all  bridges  and  culverts  in  order 
to  compute  the  carrying  capacity  for  each.  A minimum  of  three  cross 
sections  is  needed  at  each  structure;  i.e.,  an  inlet  or  approach  sec- 
tion, a section  perpendicular  to  the  direction  of  flow  through  the 
structure,  and  an  exit  section.  The  entrance  and  exit  sections 
usually  are  taken  approximately  50  feet  from  the  respective  ends  of 
the  structure.  The  section  through  the  structure  should  include  the 
size  of  the  opening,  size  of  bridge  piers,  abutment  footing  elevations, 
and  elevations  of  the  bottom  of  bridge  girders  and  the  road  surface. 
This  section  should  be  extended  along  the  centerline  of  the  road  on 
either  side  of  the  structure  beyond  any  probable  overflow  elevations. 
The  grade  and  length  and  invert  elevations  of  all  bridges  and  culverts 
also  should  be  obtained.  See  National  Technical  Release  14. 

The  three  sections  described  for  bridges  and  culverts  also  should  be 
taken  for  all  grade  control  structures  along  the  channel.  Similarly, 
cross  sections  are  needed  for  all  rock  ledges  which  act  as  grade  or 
hydraulic  control  sections. 

Plotting  Data 

General.  - - Plan,  profile,  and  cross  section  data  obtained  during  the 
planning  stage  should  be  neatly  plotted  for  use  in  preparing  prelim- 
inary drawings.  The  scales  used  for  plotting  the  data  should  be 
selected  so  that  the  information  can  be  clearly  shown  on  as  few  sheets 
as  practical. 

Plan  data.  - - The  plan  should  show  the  location  of  the  existing 
channel;  base  line;  cross  sections;  apparent  property  lines;  cul- 
tural treatment  of  adjacent  lands;  benchmarks;  roads,  including 
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bridges  and  culverts;  and  any  utilities  that  may  fall  within  the 
planned  right-of-way.  The  base  line  should  show  either  azimuths, 
bearings,  or  deflection  angles.  They  may  be  shown  as  traced  from 
aerial  photographs.  The  direction  and  stationing  of  the  cross  sec- 
tions should  be  shown  on  the  plan.  The  plan  may  be  made  from  an 
overlay  of  corrected  8-inch  aerial  photographs,  plane  table  sheets, 
or  a plot  made  from  transit  survey  field  notes.  If  coordinates 
are  used,  they  should  be  shown  on  the  plan. 

Profile.  - - Data  obtained  from  the  survey  of  valley  cross  sections 
and  cross  sections  surveyed  at  hydraulic  structures,  supplemented 
if  necessary  with  information  from  available  USGS  quadrangle  sheets, 
should  be  used  to  plot  a profile  of  the  existing  channel  and  valley. 
Standard  sized  sheets  of  profile  paper  or  plan-profile  paper  should 
be  used  for  this  purpose,  to  facilitate  preparation  of  preliminary 
drawings.  (See  Figure  2-1.) 

The  profile  should  show  the  water  surface  of  the  design  flood  for 
present  conditions;  the  present  ground  line;  the  existing  bottom 
grade;  cross  section  locations;  soil  investigation  sites;  the 
elevation  and  location  of  any  exposed  or  underground  utilities, 
roads  and  existing  or  proposed  bridges  and  culverts,  junctions  of 
tributaries;  etc. 

It  may  be  desirable  to  plot  separate  profiles  for  use  in  considering 
existing  and  planned  conditions  if  it  is  expected  that  existing  align 
ment  will  be  changed  significantly. 

Gross  sections.  - - Cross  sections  should  show  any  existing  channels; 
the  intersection  with  the  base  line;  the  elevation  of  the  design 
flood  for  existing  conditions;  the  elevation  of  any  exposed  or  under 
ground  utilities;  and  any  existing  or  proposed  bridges. 

Preparation  of  Preliminary  Drawings 

Preliminary  drawings  may  include  plan,  profile  and  cross-sections  of 
all  channel  work  proposed  for  the  project.  In  the  case  of  large  com- 
plex channel  systems,  it  may  be  expedient  to  show  only  representative 
channels  in  this  degree  of  detail  in  order  to  reduce  the  bulk  of  the 
preliminary  document. 

In  either  case  the  following  preliminary  design  data  should  be  shown 
in  addition  to  the  survey  data  collected  as  shown  above: 

1.  Proposed  channel  alignment  with  bearings  or  azimuth  should  be 
shown  for  each  tangent.  Curve  data  is  usually  not  needed  at  this 
stage  of  development. 

2.  Proposed  grade  and  water  surface  profile  should  be  shown  on  the 
profile  including  pertinent  elevations  and  invert  gradient. 
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3.  Typical  cross-sections  showing  existing  and  proposed  sections  -- 
one  for  each  type  or  size  of  proposed  section  should  be  included 
on  each  sheet  of  plan-profile. 

4.  If  structures  are  proposed  for  the  project,  a drawing  of  a typical 
structure  showing  general  dimensions  should  be  included. 

Profile  and  cross-sections  may  be  omitted  in  reaches  to  be  cleared 
and  snagged  only. 

A horizontal  scale  of  1 inch  = 200  ft.  to  1 inch  = 1000  ft.  for  plan- 
profile  is  usually  adequate  for  preliminary  drawings.  If  the  original 
plot  of  survey  data  can  be  made  to  the  same  Scale  as  that  needed  for 
drawings,  considerable  time  and  effort  will  be  saved. 

Documentation 

All  data  developed  during  the  planning  phase  should  be  properly  docu- 
mented and  filed.  This  will  insure  that  such  data  will  be  of  maxi- 
mum use  for  future  reference.  All  notes,  computations,  and  drawings 
should  be  properly  identified  and  be  complete  so  that  they  can  be 
used  in  preparing  detailed  plans  for  design  and  construction.  The 
data  should  be  dated,  since  Service  criteria  are  modified  from  time 
to  time.  All  papers  should  show  the  initials  of  the  person  preparing 
the  data  sheets  or  making  the  computations.  A reference  should  be 
made  to  indicate  the  methods  or  source  of  data  used. 

Survey  for  Final  Design 


General  Requirements 

The -section  covering  "Design  Surveys  - Surface  Drainage"  in  the 
National  Engineering  Handbook  Section  16,  2/  Chapter  2,  will  serve 
as  a useful  reference  for  final  design  surveys,  where  applicable.  As 
indicated  in  the  NEH,  a staked  base  line  is  required.  An  exception 
to  this  requirement  may  be  made  where  clearing  and  snagging  is  the 
only  work  needed  to  provide  the  desired  level  of  protection.  For 
this  condition,  no  additional  surveys  over  those  recommended  for 
planning  may  be  needed  for  design  purposes.  However,  sufficient  data 
must  be  obtained  to  permit  the  determination  that  this  treatment  will 
result  in  a stable  channel  which  will  meet  the  desired  project  ob- 
jectives . 

Field  Check  of  Design  Layout 

For  most  projects  it  is  highly  desirable  to  check  the  final  design 
on  the  ground.  Verify  the  following: 

1.  Alignment  and  stationing. 
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2.  Rights-of-way  boundaries. 

3.  Construction  easement  limits. 

4.  Structure  locations. 

5.  Stationing  and  description  of  bench  marks. 

6.  Utility  locations. 

7.  Apparent  ownership  boundaries. 

Land  Rights  Work  Maps 

The  land  rights  work  map  may  be  prepared  by  making  a full  scale  or 
photographically  reduced  overlay  of  the  appropriate  portions  of  the 
strip  map.  Judgement  must  be  exercised  to  insure  that  adequate  land 
rights  are  provided  for  the  channel,  spoil  bank  area,  and  the  main- 
tenance and  construction  operations. 

Except  where  specified  otherwise  in  existing  state  laws,  the  land 
rights  work  map  should  show  the  existing  channel,  utilities,  apparent 
ownership  boundaries,  roads,  base  lines  showing  key  stations,  and 
proposed  works  of  improvement.  If  requested  by  the  sponsors  or 
required  by  state  law,  the  apparent  acreage  of  right-of-way  for  each 
landowner  should  be  indicated  on  the  land  rights  work  map. 

A typical  cross  section  should  be  shown  on  the  land  rights  work  map 
to  illustrate  the  various  elements  of  the  proposed  works  of  improve- 
ment within  the  right-of-way  area.  When  utilities  are  involved,  the 
actual  cross  section  including  the  elevation  of  the  design  flow  should 
be  shown  at  the  intersection  with  the  utility. 

Supplementing  Planning  Surveys 

Field  survey  data  obtained  in  the  planning  phase  must  be  supplemented 
to  provide  basic  design  data.  In  fact,  budgetary  considerations  will 
often  preclude  much  of  the  detail  described  above  for  the  planning 
phase  so  that  the  survey  data  used  in  preparing  preliminary  drawings 
may  be  of  little  value  as  design  data. 

Bench  levels  must  be  checked  and  supplemented.  Damaged  BM1 s should  be 
re-established  and  additional  bench  marks  should  be  set  and  tied  in  as 
needed. 

Coordinate  control  should  be  established  by  traverse  and  closed  within 
third  order  accuracy.  Triangulation  may  be  used  to  establish  control 
on  large,  complex  projects,  if  desired. 

Topographic  strip  maps  of  the  area  will  be  needed  for  layout  and 
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design.  Data  for  these  maps  may  be  secured  either  by  plane-table 
or  transit  topography  tied  to  the  traverse.  Strip  map  data  must 
be  secured  to  provide  accurate  location  of  contours,  fences,  build- 
ings, bridges,  culverts,  roads,  utilities,  patches  of  trees  or  brush, 
orchards,  existing  drainage  or  irrigation  ditches  and  structures,  and 
all  other  physical  or  man-made  features  within  the  probable  limits 
of  work. 

Test  pits  and  borings  should  be  accurately  located  and  the  elevation 
should  be  established  on  a reference  hub  adjacent  to  the  site. 

Preparation  of  Strip  Maps  and  Profile 

Strip  maps  should  be  plotted  to  the  same  scale  as  that  intended  for 
final  drawings  - usually  1 inch  = 40  ft.  to  1 inch  = 200  ft.,  depend- 
ing on  the  detail  needed.  For  convenience,  strip  maps  should  be 
plotted  on  transparent  paper  or  cloth  sheets  not  exceeding  42  inches 
in  width  and  20  ft.  in  length.  This  provides  sufficient  length  for 
proper  selection  of  long  tangents  and  curves  for  the  "paper  location." 

Trial  locations  complete  with  stationing  and  curve  data  are  then  super 
imposed  on  prints  of  the  strip  maps  and  profiles  are  plotted  on 
equally  long  profile  sheets  to  permit  selection  of  long  tangent  grades 

As  the  hydraulic  design  progresses  and  design  cross-sections  are 
selected,  one  of  the  alternate  locations  will  usually  emerge  as 
apparently  superior.  The  best  apparent  alternate  including  right-of- 
way  requirements  should  then  be  drawn  on  the  strip  maps.  Design 
grades  and  cross-sections  should  be  drawn  on  the  strip  profile.  Print 
should  then  be  made  of  both  the  maps  and  profiles  for  field  checking, 
prior  to  tracing  final  drawings  on  standard  sheets. 
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CHAPTER  3.  SITE  INVESTIGATIONS 


Methods  of  investigation  and  testing  soil  conditions  along  a channel 
system  are  discussed  in  this  chapter.  The  purposes  of  these  investi- 
gations and  testing  are  to  evaluate  the  resistance  of  the  soils  in 
the  bed  and  banks  of  the  channel  to  erosion  forces,  to  evaluate  the 
sediment  transport  relationships,  to  determine  slope  stability  against 
sloughing  or  sliding,  to  estimate  earth  loads  that  may  act  on  struc- 
tural members,  and  to  determine  the  rate  of  water  movement  through 
the  soils. 

The  procedures  include  identification,  sampling,  and  testing  of  all 
soil  horizons  encountered  in  the  channel  system  to  be  improved  and 
an  evaluation  of  the  sediment  transport  characteristics  of  the 
system. 


Surface  Investigations 
General  Site  Evaluation 

An  inspection  of  a number  of  channels  in  the  area  should  be  made  to 
indicate  if  the  proposed  site  reflects  normal  or  abnormal  stability 
problems  with  respect  to  existing  channels  in  the  area. 

The  general  site  evaluation  is  used  to  study  specific  problems  and 
the  variable  influence  of  off-site  factors  such  as  runoff,  geologic 
history,  and  sediment  yield  for  comparison  with  the  on-site  factors 
of  stream  and  valley  slope,  the  nature  of  the  material  in  the  bed 
and  banks,  and  the  channel  shape  and  roughness.  The  investigator 
should  keep  in  mind  the  influence  that  variation  of  these  factors 
can  have  on  evaluating  the  stability  of  one  channel  with  respect 
to  that  experienced  in  others. 

Some  aspects  of  the  general  site  evaluation  are  discussed  in  the 
first  section  of  the  Appendix  to  this  chapter. 

Specific  Site  Evaluation 

Available  information  and  data  on  the  geology  and  soils  of  the  area 
should  be  studied,  including  maps  and  logs  of  holes  bored  by  private 
or  other  public  agencies. 

A study  and  interpretation  of  aerial  photographs  and  topographic 
maps  should  be  made  to  locate  alluvial  fans,  springs,  old  or  buried 
channels,  bedrock,  swampy  areas  and  any  adjacent  cultural  features. 
These  features  should  be  marked  for  field  exploration.  Variation 
in  topography  and  drainage  pattern  may  reflect  differences  in  charac- 
ter o,f  material. 
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Determination  of  existing  channel  stability.  - - A sufficiently 
thorough  surface  investigation  of  the  channel  to  be  improved  should 
be  made  to  collect  information  on  the  stability  of  the  bed;  if  the 
channel  is  eroding,  a rate  of  degradation  is  to  be  estimated  by 
reaches.  If  the  stream  is  aggrading,  the  rate  of  aggradation  should 
be  obtained  by  reaches.  Where  both  aggradation  and  degradation  are 
occurring  along  the  same  channel,  the  changeover  location  should  be 
identified.  The  net  effect  of  degradation  and  aggradation  on  the 
entire  channel  system  being  studied  should  be  evaluated. 

These  observations  should  be  referenced  to  a base  map  and  engineer- 
ing survey  stationing  when  available.  The  bed  materials  should  be 
identified  by  field  classification  methods  according  to  the  Unified 
Soil  Classification  System. 

The  stability  of  banks  should  be  observed  and  the  eroding  horizon 
or  horizons  identified,  both  as  to  position  vertically  as  well  as 
along  the  channel.  A field  soil  classification  should  be  made. 
Observations  should  include  vegetative  influences  on  erosion. 

Where  identifiable,  notes  should  be  made  as  to  whether  bank  failure 
is  a result  of  erosion  or  because  of  internal  bank  failure  because 
of  lack  of  shear  strength.  Observations  should  be  referenced  to 
engineering  surveys  and  the  base  map. 

Methods  of  determining  existing  channel  stability  and  methods  of 
evaluating  the  effect  of  changes  in  stream  regimen  on  channel  stabi- 
lity are  discussed  in  the  Appendix  to  this  chapter. 

Methods  of  evaluating  earth  loadings  on  structural  members  are  dis- 
cussed in  NEH  Sections  6 3/  and  11  —■ ■ . 

Interpretation  of  sediment  transport  characteristics.  - - Investi- 
gations of  sediment  transport  characteristics  pertaining  to 
stability  in  a specific  reach  will  determine  if  sediment  is  trans- 
ported as  bedload,  whether  or  not  it  is  in  short  or  full  supply, 
and  the  location  of  the  sediment  source  in  the  system. 

Source  and  amount  of  bedload  have  an  important  bearing  on  whether  a 
flow  can  be  assumed  as  fully  charged  as  it  enters  the  reach  invest- 
igated.  The  deposits  should  be  traced  from  the  improvement  reach 
for  a distance  upstream  that  is  sufficient  to  determine  that  enough 
material  is  available  to  fully  load  the  stream  during  a major  flood. 

The  investigation  should  determine  if  aggradation  or  degradation  is 
occurring  in  the  reach  upstream  from  the  one  to  be  improved.  The 
upstream  main  channel  and  tributaries  should  be  studied.  Upstream 
aggradation  can  reduce  the  quantity  of  sediment  in  transport  and 
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enable  more  to  be  picked  up  in  the  improvement  reach.  Upstream  degra- 
dation may  increase  the  amount  of  sediment  carried  to  the  improvement 
reach  over  that  projected  by  site  studies. 

The  width  and  depth  of  the  bedload-f illed  channel  from  the  reach 
under  consideration  for  a distance  upstream  that  is  adequate  to  deter- 
mine if  the  stream  has  a full  or  limited  supply  of  bedload  sediment. 
Samples  of  the  bed  material  should  be  obtained  for  purposes  of  sedi- 
ment transport  computations  and  to  evaluate  the  possibilities  of 
armor  pavement  developing  and  reducing  the  availability  of  bedload. 
Eroding  banks  should  be  noted  and  compared  with  bedload  materials. 
Existing  structures  affecting  bedload  transport  should  be  located. 

Bedload  sediment  transport  characteristics  are  discussed  in  the 
Appendix  to  this  chapter. 

Subsurface  Investigations 
Preparation  of  Investigations  Plans 

Before  preparing  the  subsurface  investigation  plan,  the  approximate 
alignment,  depth  and  capacity  of  the  proposed  channel  or  channels 
must  be  available.  The  probable  location  of  any  dams,  channel 
stabilizers  or  other  measures  for  upstream  sediment  control,  as  well 
as  the  estimated  influence  of  reservoirs  on  the  duration  and  magni- 
tude of  flood  flows,  should  be  known. 

Surface  observations  of  erosion,  and  information  on  stratigraphy 
along  the  route  of  proposed  channel  improvements  should  be  used  in 
preparation  of  a subsurface  investigations  plan.  The  number  and 
location  of  holes  on  such  a plan  will  vary,  depending  on  the  amount 
and  reliability  of  existing  information,  the  indicated  degree  of 
potential  instability,  bedrock  at  elevations  above  the  proposed 
grade  lines,  or  on  whether  the  investigation  is  for  preliminary  or 
final  design.  The  plan  should  indicate  the  minimum  depth  of  holes 
required,  coordinated  with  the  expected  bottom  grade  line.  The 
minimum  depth  of  exploration  for  erosion  studies  should  be  at  least 
two  feet  below  the  proposed  grade  line  for  cohesive  soils  and  five 
feet  below  for  non-cohesive  soils. 

The  depth  of  exploration  for  determining  bearing  capacity  for  struc- 
tural loads  is  discussed  in  NEH  Sections  8— ^ and  9,6/,  and  in  standard 
texts  on  Foundation  Engineering  and  Soil  Mechanics.  The  plan  should 
include  the  equipment  requirements  for  subsurface  investigations,  that 
permits  the  investigator  to  perform  in-place  inspection,  sampling  and 
testing  of  the  profile.  Backhoes  and  draglines  fill  such  a need,  pro- 
viding one  is  available  that  is  large  enough  to  dig  to  the  required 
depth.  Bulldozers  have  the  advantage  that  they  may  be  used  to  clear 
the  investigation  area  and  also  to  dig  shallow  trenches.  When  the  use 
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of  backhoes,  draglines,  bulldozers,  or  other  excavation  equipment 
is  limited  because  of  a high  water  table  or  where  required  depths 
of  investigation  exceed  the  practical  limit  of  pit  excavation,  drill 
rigs  should  be  used.  Drill  rigs  may  be  required  where  easements  for 
use  of  earth-moving  equipment  cannot  be  obtained. 

Intensity  of  Investigations 

The  intensity  of  subsurface  investigations  varies  depending  on  the 
use  and  hazards  as  revealed  by  the  surface  examination.  Limited 
investigations,  even  in  the  design  stage,  may  be  all  that  are 
required  of  low  velocity  channels  unless  slope  stability  because 
of  low  shear  strength  or  seepage  are  potential,  problems.  Prelim- 
inary site  investigations  of  channels  subject  to  flows  of  moderate 
or  high  velocities  should  include  identification  and  broad  correla- 
tion of  each  horizon  and  sampling  of  each  of  them  in  at  least  two 
widely  spaced  locations. 

Detailed  subsurface  explorations  should  include  more  intensive 
sampling  of  horizons  that  the  preliminary  investigation  shows  to  be 
of  doubtful  erosion  resistance  and  doubtful  stability  because  of 
slumping  or  sliding.  The  investigation  should  be  sufficiently 
intensive  to  locate,  by  survey  stationing,  where  beds  begin  or  end 
and  to  investigate  and  sample  critical  materials  and  conditions 
that  may  have  been  missed  during  the  preliminary  phase. 

These  soil  conditions  should  be  determined  for  the  cross  section 
in  which  the  proposed  channel  bed  and  banks  may  be  formed. 

When  preliminary  investigation  has  established  the  instability  of 
soils  under  proposed  hydraulic  conditions,  any  further  investigation 
should  be  for  the  purpose  of  securing  information  pertinent  to  design 
of  protective  measures. 

Methods  of  Investigations 

The  investigation  should  be  directed  toward  identification  of  dis- 
tinquishable  horizons;  evaluation  of  the  erosion  resistance  of 
horizons  exposed  in  any  existing  channel;  and  the  selection  of  rep- 
resentative sampling  sites.  Test  hole  logs  should  include  field 
classification,  color,  consistency  or  relative  density,  structure, 
mode  of  deposition  and  moisture  conditions.  The  logs  of  test  holes 
and  natural  exposures  should  be  in  accord  with  Field  Identification 
procedures,  described  in  NEH  Section  82/,  Chapter  1.  To  facilitate 
correlation  between  holes,  the  notes  for  each  should  indicate  the 
vertical  position  in  which  the  same  horizon  is  found  in  adjacent 
holes . 

Soil  samples  that  are  obtained  for  testing  should  meet  the  require- 
ments set  forth  in  the  testing  section  of  this  chapter.  Sampling 
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procedure  should  be  based  on  a field  distinction  between  cohesive  and 
non-cohesive  soil  materials.  Those  soils  whose  individual  particles 
adhere  under  observed  field  conditions  should  be  treated  as  cohesive 
soils  for  purposes  of  sampling.  The  characteristics  of  cohesive 
soils  and  methods  of  sampling  them  when  exposed  by  excavation  are 
discussed  in  the  Appendix  to  this  chapter. 

Methods  of  obtaining  undisturbed  samples  with  a rotary  drill  are 
described  in  NEH  Section  8—' ' , Chapter  2. 

Erosion  resistance  of  weakly  cohesive  soils  of  low  density  may  be 
improved  by  compaction  at  or  near  optimum  moisture.  Where  a need 
for  such  treatment  is  indicated,  samples  should  be  submitted  for 
testing. 

Non-cohesive  material  consisting  of  individual  particles  that  do  not 
adhere  under  field  conditions  are  obtained  as  disturbed  samples, 
except  under  special  conditions.  These  special  conditions  involve 
problems  of  potential  bank  stability  in  both  sandy  materials  and  in 
soils  identified  as  cohesive  in  the  field.  Undisturbed  samples  of 
these  materials  of  the  sizes  listed  in  the  section  on  testing  may 
be  required  for  shear  and  permeability  tests.  Disturbed  samples  for 
classification  tests  should  be  obtained  at  the  same  location  as 
undis turbed  s amp les . 

Bedload  material  samples  for  determination  of  size  distribution  and 
use  in  hydraulic  computations  should  be  obtained  in  at  least  two 
locations,  the  upper  end  of  the  reach  and  about  two- thirds  the  dis- 
tance to  the  lower  end  of  the  section.  If  there  is  much  variation 
in  particle  size,  such  as  from  medium  to  coarse  sand,  or  gravel  to 
cobbles,  a third  location  should  be  samples  about  half-way  between 
the  first  two.  For  non-cohesive  materials  holes  should  be  dug  to 
depths  of  about  5 feet  below  proposed  grade.  If  there  is  little 
variation  in  size  distribution,  a composite  or  single  sample  may  be 
obtained  at  each  location.  If  there  are  significant  variations, 
each  layer  should  be  sampled  at  each  location.  The  amount  obtained 
will  vary  with  the  percentage  of  coarse  sediment. 

Report  on  Site  Investigations 

The  site  investigations  report  should  include  a discussion  of  the 
general  area  and  of  the  specific  site  with  reference  to  existing 
channel  stability.  An  evaluation  of  any  effect  of  bedload  sediment 
transport  on  channel  conditions  should  be  included  in  the  surface 
investigations  section  of  a report.  The  section  on  subsurface  in- 
vestigations should  describe  the  type  and  intensity  of  exploration, 
samples  obtained  and  results  of  tests.  All  soil  conditions  and 
other  items  that  may  affect  the  stability  of  the  channel  or  loads 
that  will  act  on  structural  members  should  be  described.  The  results 
of  both  field  tests  and  observations  and  laboratory  tests  should  be 
coordinated  in  the  site  investigations  report. 
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The  information  from  the  site  investigation  should  be  plotted  on  a 
plan,  profiles  of  the  proposed  channel  improvement,  and  typical 
cross-sections  of  each  reach  obtained  from  the  engineering  survey. 
The  profile  should  show  the  top  of  bank  line,  the  proposed  grade  of 
the  improved  reach,  and  the  bottom  of  the  existing  channel.  The 
location  of  holes,  logs  of  the  holes,  and  the  location,  type  and 
numerical  identification  of  each  sample  should  be  indicated.  The 
position  of  the  water  table  and  the  dates  it  was  recorded  should  be 
shown  on  the  profile.  For  channel  design  use,  soil  profile  char- 
acteristics should  be  evaluated  and  correlated  between  holes  with 
delineations  shown  on  plan,  profiles  and  cross  sections.  Correla- 
tion between  holes  should  be  based  on  properties  related  to  erosion 
resistance  and  stability.  The  unified  classification  of  soils  in 
horizons  or  zones  is  one  important  characteristic  to  be  recognized 
in  correlation.  There  are  other  factors  and  soil  conditions  such  as 
relative  compactness,  cementation,  and  aggregation  which  may  be 
more  important  than  soil  classification  in  evaluating  potential 
channel  stability.  Correlating  and  delineating  areas  and  zones  of 
soil  with  similar  erosion  properties  regardless  of  similarity  of 
classification  is  especially  important  when  working  in  mixed 
alluvial  and  glacial  till  deposits.  It  is  often  impossible  to 
delineate  vertical  or  horizontal  continuity  of  horizons  or  zones  of 
like  classification  in  such  materials.  It  is  possible,  however, 
that  horizons  or  zones  of  materials  at  certain  depths  and  positions 
react  alike  from  the ' s tandpoint  of  erosion  and  stability.  A zone 
of  highly  cemented  SM  soil  may  be  as  erosion  resistant  as  an  ad- 
joining zone  of  well  aggregated  CL  soil.  On  the  other  hand,  a 
zone  of  non-aggregated  (dispersed)  CH  soil  may  be  as  highly  erosive 
as  a zone  of  loose  SP  material. 

Figure  3-1  is  an  example,  for  a complex  site,  of  the  plotting  of 
investigation  data  as  described  above  using  one  of  several  possible 
parameters  for  evaluation  of  erosion  resistance. 

Testing 

Purposes  of  Testing 

The  purposes  of  testing  soils  from  channel  projects  are  fourfold: 

1.  To  develop  design  values  and  correlation  between  properties  of 
fine-grained  soils  and  field  evaluation  and  classification  of 
erosional  activity  in  constructed  or  natural  channels  now  in  use 

2.  To  provide  values  for  use  in  the  design  of  stable  channels  in 
gravels  and  coarse  sands  from  the  standpoint  of  erosional 
activity. 

3.  To  provide  values  for  the  design  of  channel  banks  from  the 
standpoint  of  shear  strength  and  sliding. 
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4.  To  evaluate  earth  loads  on  structural  members. 

Test  Procedures 

Test  may  be  conducted  in  the  field  and/or  in  the  laboratory.  Testing 
procedures  should  conform  to  standards  of  the  American  Society  for 
Testing  Materials  (ASTM)  or  American  Association  of  State  Highway 
Officials  (AASHO) , when  applicable. 

Types  of  Tests 

Two  categories  of  tests  are  presented--~primary  tests  and  supple- 
mentary tests.  Primary  tests  are  those  that  provide  values  that  may 
be  used  directly  (1)  to  evaluate  erosional  resistance  by  either  the 
tractive  force,  limiting  velocity,  or  tractive  power  procedures 
discussed  in  Chapter  6 or,  (2)  to  analyze  bank  stability  problems 
discussed  in  Chapter  6.  Supplementary  tests  are  those  that  will 
provide  supporting  or  indicator  information  that  may  be  of  assistance 
in  evaluating  erosional  resistance  and  bank  stability.  These  latter 
tests  may  be  made  at  local  option;  results  from  these  tests  are  not 
needed  to  use  the  design  criteria  set  forth  in  this  Guide,  but  they 
may  provide  valuable  clues  to  the  channel  designer. 

Primary  and  supplementary  tests  are  listed  in  Table  3-1  for  erosional 
analyses  and  in  Table  3-2  for  bank  stability  analyses.  Field  tests 
that  may  be  used  where  conditions  warrant  are  discussed  in  NEH 
Section  8—/. 

Classification.  - - Soils  should  be  fully  described  and  classified 
according  to  the  Unified  Soil  Classification  System  as  described  in 
NEH,  Section  8—,  Engineering  Geology. 

Particle  size  distribution.  - - A mechanical  analysis  should  be  made  on 
selected  samples  representing  soils  that  are  or  may  be  exposed  to 
erosional  forces  in  channel  bottoms  and  banks  to  determine  the  distri- 
bution of  particle  sizes.  The  coarse  fraction  should  be  analyzed 
using  the  following  U.  S.  Standard  Sieves  as  the  minimum  number  of 
size  separations:  No.  200,  140,  40,  20,  10,  4 and  3/8",  3/4",  1 1/2" 

and  3".  Other  size  separations  may  be  introduced  if  considered 
necessary.  The  fine  fraction  should  be  analyzed  using  the  standard 
hydrometer  test.  Results  should  be  reported  on  the  basis  of  total 
material . 

Soil  consistency  tests.  - - The  liquid  limit,  plastic  limit,  and 
plasticity  index  should  be  determined  for  all  soils,  except  clean 
sands  and  gravels,  in  order  to  differentiate  between  materials  of 
appreciable  plasticity  and  slightly  plastic  or  non-plastic  materials. 
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Table  3-1 


Erosional  Analyses 

A.  Index  Tests 

1. 

Classification  1/ 

a.  Mechanical  analysis 

b.  Liquid  limits. 

c.  Plastic  limit^'"''””^ 

■Plasticity  index 

B.  Engineering  Properties  Tests 

2/ 

1. 

Dispersion 

2. 

Soluble  salts 

3. 

Permeability 

4. 

Natural  dry  unit  weight 

5. 

Shear  strength 

a.  Unconfined  compression  3/ 

b.  Vane  shear 


1 J For  tractive  force,  limiting  velocity  or  tractive  power 
procedures . 

2j  These  tests  may  be  made  at  local  option.  Results  will  provide 
supporting  information  which  may  assist  in  evaluating  erosional 
stability. 

3/  For  tractive  power  procedure  only. 
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Table  3-2 


Bank  Stability  Analyses 


A.  Index  Tests 


1.  Classification 


a. 


Mechanical  analysis 


b.  Liquid  limit 


Plasticity  index 


c.  Plastic  limit"'-'"”^ 

2.  Specific  gravity 

a.  Particles  smaller  than  No.  4 sieve 

b.  Particles  larger  than  No.  4 sieve 

B.  Engineering  Properties  Tests 

1.  Shear 

a.  Unconfined  Compression 

b.  Direct 

c.  Triaxial 

d.  Vane 

2.  Natural  dry  unit  weight  and  natural  moisture  content 

3.  Compaction 

4.  Permeability 

C . Other  Tests  1/ 

1.  Dispersion 

2.  Soluble  salts 

3.  Linear  shrinkage 

1 J These  tests  may  be  made  at  local  option.  Results  will  provide 
supporting  information  which  may  assist  in  evaluating  bank 
stability. 


J 
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Specific  gravity.  - - When  soils  are  composed  of  particles  having 
95  percent  or  more  (by  dry  weight)  smaller  than  the  No,  4 sieve 
(4.76  mm.)  and  when  compaction  or  shear  tests  are  required, 
specific  gravity  tests  should  be  performed  on  the  minus  No.  4 
fraction . 

When  soils  contain  five  percent  or  more  (by  dry  weight)  of  hard 
particles  larger  than  the  No.  4 sieve  and  when  compaction  or  shear 
tests  are  required,  absorption  and  bulk  specific  gravity  (saturated, 
surface  dry)  tests  should  be  performed  on  the  coarse  materials 
as  well  as  on  the  fraction  smaller  than  the  No.  4 sieve. 

Results  of  specific  gravity  tests  are  needed  for  computation  of 
porosity,  void  ratio,  and  associated  air-water-solid  relationships; 
also  results  are  needed  for  adjustment  of  moisture-density  rela- 
tionships for  compacted  materials  having  five  percent  or  more 
larger  than  the  No.  4 sieve  (by  dry  weight). 

Strength  considerations.  - - Some  measure  of  inter-particle 
attraction  may  prove  helpful  in  evaluating  erosional  stability  of 
channels  on  the  basis  of  the  tractive  force  theory.  Although 
shear  strength  obtained  by  various  tests  has  been  used  by  some 
investigators,  it  may  not  be  a true  indicator  of  inter-particle 
attraction. 

Strength  values  for  use  in  slope  stability  analyses  of  banks 
should  be  governed  by  site  conditions  and  the  method  of  analysis 
to  be  used.  Therefore,  latitude  should  be  given  to  the  designer 
in  the  selection  of  appropriate  tests  to  be  performed  at  a given 
site  for  determination  of  shear  strength  parameters. 

1.  Unconfined  compression  test.  This  test  is  commonly  called  a 

qu  test  and  may  be  performed  on  saturated,  undisturbed  specimens. 
The  test  may  be  made  for  two  purposes:  (1)  to  obtain  uncon- 

fined compressive  strength  values  for  use  in  estimating 
erosional  stability  (by  the  tractive  power  method)  of  those 
soils  in  which  individual  particles  adhere  under  natural  field 
conditions  and,  (2)  to  obtain  values  of  cohesion  (no  load 
strength)  for  use  in  analyzing  the  stability  of  banks  from  a 
strength  standpoint.  In  the  latter  case,  the  test  is  gen- 
erally applicable  to  highly  plastic  soils,  but  it  may  be 
used  for  other  soils  where  the  in-place  strength  will  simu- 
late ultimate  field  conditions. 

The  qu  test  should  not  be  performed  on  those  soils  in  which 
natural  planes  of  weakness  are  an  inherent  characteristic  of 
the  soil,  as  exemplified  by  stiff,  fissured  clay  or  soils 
having  blocky  or  columnar  structural  development. 
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The  effects  of  weathering  should  be  considered  in  using  qu  test 
results  from  samples  taken  at  a depth  which  will  later  be  unloaded 
and  exposed  to  the  atmosphere  — both  in  an  erosional  evaluation 
and  in  a bank  stability  analysis.  This  consideration  will  be  a 
matter  of  judgement  and  local  experience. 

2.  Direct  shear  tests.  Drained,  direct  shear  tests  are  recommended 
for  determining  the  strength  parameters  for  use  in  the  analysis  of 
banks  against  sliding  when  the  effect  of  pore  water  pressure  is 
included  as  a separate  item.  Cohesive  and  non-cohesive  soils  may 
be  tested  in  this  manner. 

3.  Triaxial  shear  tests.  Consolidated,  undrained,  triaxial  shear 
tests  may  be  used,  but  will  generally  not  be  required,  for  strength 
parameters  unless  fractured  or  structurally  cleaved  soils  are 
involved. 

Consolidated,  undrained,  triaxial  tests  may  be  made  without  pore 
pressure  measurements  when  pore  pressures  which  are  anticipated 
in  the  field  can  be  simulated  during  testing. 

When  triaxial  shear  tests  are  used  instead  of  direct  shear  tests 
and  when  pore  pressures  are  considered  separately  in  the  stability 
analysis,  it  will  be  necessary  to  perform  consolidated,  drained 
tests  or  to  perform  consolidated,  undrained  tests  with  pore 
pressure  measurements. 

4.  Vane  shear  tests.  The  vane  shear  test  is  a field  test  which  is 
well  adapted  to  obtaining  in-place  shear  strength  of  saturated, 
plastic  soils  that  do  not  contain  gravel.  Shear  strength  values 
obtained  by  vane  shear  tests  may  be  used  for  bank  stability 
analyses.  This  type  of  test  is  especially  applicable  when  soils 
are  sensitive  and  when  it  is  difficult  to  secure  and  transport 
undisturbed  samples. 

Natural  dry  unit  weight  and  moisture  content.  - - The  natural  dry  unit 
weight  and  natural  moisture  content  should  be  recorded  for  all  undis- 
turbed samples  on  which  shear  tests  will  be  performed.  These  determi- 
nations can  be  made  in  conjunction  with  shear  test  operations.  Proper 
interpretations  of  shear  test  results  are  dependent  upon  data  on 
variations  in  natural  dry  unit  weight  and  moisture  content. 

The  erosional  resistance  of  many  soils,  particularly  those  which  are 
weakly  cohesive,  increases  as  dry  unit  weight  (density)  increases. 

The  natural  (in-place)  dry  unit  weight  of  soils  exposed  in  the 
channel  will  provide  valuable  guidance  in  the  review  and  evaluation 
of  the  performance  of  existing  channels  functioning  under  similar 
conditions  to  a planned  channel. 


1 
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Compaction  (moisture-density  relationship).  - - The  moisture- 
density  relationship  of  soils  (for  a given  compactive  effort)  should 
be  known  before  shear  testing  of  disturbed  (borrow)  materials  can 
be  instigated  or  before  field  control  of  moisture  and  density  can 
be  maintained.  Field  control  may  be  necessary  either  (1)  to 
assure  adequate  density  and  shear  strength  in  levee  or  dike  fills 
or  (2)  to  increase  the  erosional  resistance  of  low  density,  weakly 
cohesive  soils  which  form  the  bottoms  and  sides  of  channels. 

Compaction  tests  should  be  performed  on  disturbed  samples  of 
selected  representative  soils  on  which  shear  tests  are  required 
for  design  and/or  field  control  of  moisture  and  density  are  re- 
quired during  construction  operations. 

Permeability.  - - In  those  cases  where  seepage  from  channel  banks 
may  be  a problem,  the  permeability  of  natural  materials  may  be 
required  to  construct  flow  nets  and  to  analyze  seepage  forces. 
Permeability  tests  should  be  performed  on  undisturbed  materials 
which  are  representative  of  soils  in  the  problem  area. 

Field  permeability  tests  will  usually  be  the  most  effective  means 
of  determining  permeability  rates  (a)  in  non-cohesive  soils  which 
are  difficult  to  sample  representatively,  handle  and  transport  to 
the  laboratory  and  (b)  in  lenticular  and  highly  stratified  soils. 

Methods  of  making  field  permeability  tests  are  described  in  NEH, 
Section  8.5/,  Chapter  2;  Section  16 £./ , Chapter  2;  Special  Pub- 
lication SP-SW-0262  of  the  American  Society  of  Agricultural 
Engineers  Z/ ; and  the  Earth  Manual,  First  Edition,  U.  S.  Bureau 
of  Reclamation.  Z/ 

A permeability  test  may  also  be  performed  as  a secondary  and 
companion  test  to  the  unconfined  compression  test  (see  the 
Appendix  to  Chapter  3)  when  the  purpose  of  the  latter  is  to  pro- 
vide values  for  use  in  an  erosional  analyses  of  cohesive  or 
cemented  soils  Z'  (also  see  Chapter  6).  The  permeability  test 
described  hereafter  is  not  necessary  when  the  unconfined  compres- 
sion test  is  made  for  the  purpose  of  providing  values  for  a bank 
stability  analysis. 

This  test,  as  a companion  test  to  the  unconfined  compression 
test,  should  be  performed  in  a falling  head  permeameter  on  undis- 
turbed specimens  having  a ratio  of  height  to  diameter  equal  to 
approximately  two.  As  soon  as  consistent  head  readings  are  ob- 
tained, the  test  should  be  discontinued;  the  specimen  should  be 
removed  from  the  permeameter  immediately  and  subjected  to  an 
unconfined  compression  test  to  determine  the  cohesion  of  the 
saturated  specimen. 
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Dispersion.  - - The  dispersion  ratio  is  a measure  of  the  water  stability 
of  cohesive  soil  aggregates.  A cohesive  soil  that  is  highly  dispersed 
will  erode  more  easily  than  a non-dispersed  soil  even  though  the  two 
soils  may  have  the  same  particle  size  distribution  as  determined  by 
mechanical  analysis. 

Some  investigators  claim  good  correlation  between  Middleton's  dis- 
persion ratio  10/  and  critical  tractive  force  11/ . Dispersion  tests, 
using  Middleton's  method,  may  be  performed  on  selected  materials 
having  more  than  ten  percent  smaller  than  0.005  mm. 

At  the  present  time  it  is  difficult  to  quantitatively  evaluate  the 
effect  of  dispersion  on  soil  properties.  For  example,  a soil  con- 
taining 15  percent  finer  than  0.005  mm.  and  having  a majority  of 
this  fraction  dispersed,  would  be  very  unstable.  On  the  contrary, 
a soil  which  contains  50  percent  finer  than  0.005  mm.  might  be  very 
stable  even  though  half  of  the  0.005  mm.  fraction  was  in  a dispersed 
state. 

Soluble  salts.  - - Soils  that  contain  considerable  soluble  salts, 
particularly  gypsum,  are  highly  erodible  and  may  slough  badly.  It 
appears  that  the  recrystallization  of  gypsum  and  other  salts  during 
sedimentation  results  in  an  open,  honeycombed  soil  structure  that  may 
be  compared  to  loessial  materials.  These  soils  have  sufficient  stab- 
ility to  stand  on  vertical  banks  as  long  as  they  are  dry,  but  they 
slough  and  erode  rapidly  when  exposed  to  moisture.  In  arid  and  semi- 
arid  regions,  the  soluble  salt  content  may  be  determined  for  repre- 
sentative samples,  even  though  results  of  this  test  cannot  be  used 
quantitatively  at  present. 

Linear  shrinkage,  - - Gohesive  soils  which  have  linear  shrinkage 
factors  in  the  range  of  ten  percent  or  more  are  generally  subject  to 
considerable  density  and  strength  changes  with  variations  in  moisture 
content.  Results  from  linear  shrinkage  tests  on  cohesive  soils  serve 
as  indicators  of  potential  problems  related  to  bank  stability. 

Field  Sample  and  Test  Specimen  Requirements 

The  quantity  of  materials  needed  for  testing  depends  primarily  on 
such  factors  as  (1)  number,  type  and  purpose  of  tests  to  be  performed, 
(2)  particle  size  characteristics  of  the  material,  and  (3)  homogeneity 
of  the  natural  materials,  particularly  when  undisturbed  specimens  are 
to  be  tested.  The  minimum  number  of  test  specimens  for  one  test  is 
given  below: 


Unconfined  compression 
Direct  shear 
Triaxial  shear 
Permeability 


1 

3 

3 

1 
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It  is  suggested  that  undisturbed  samples  be  large  enough  so  that 
an  additional  test  specimen  will  be  available  as  a spare.  In  the 
case  of  small  diameter  tube  sampling,  it  is  suggested  that  dupli- 
cate samples  be  obtained. 

Sample  sizes  and  specimen  requirements  for  testing  of  soils  from 
channel  projects  are  given  in  Table  3-3  (Disturbed  Samples)  and 
3-4  (Undisturbed  Samples).  The  specimen  sizes  given  in  Table  3-4 
are  those  which  are  actually  required  for  testing;  these  sizes 
do  not  include  allowances  for  trimming. 
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Table  3-3 

Minimum  Size  of  Disturbed  Samples 
Required  for  Testing  Purposes 


Test 

Maximum 
Size  to 
be 

Included 

in 

Samples 

Gradation  Characteristics 
of  Natural  Material 

90-100% 
Passing 
#4  Sieve 

50-90% 
Passing 
#4  Sieve 

0-50% 
Passing 
#4  Sieve 

Mechanical  analysis , 
liquid  limit,  plastic 
limit,  specific 
gravity,  dispersion, 
soluble  salts,  linear 
shrinkage 

3 in. 

4 lb. 

10  lb.  1/ 

40  lb.  1/ 

Compaction  and 
shear 

3 in. 

25  lb. 

40  lb. 

natural 

material 

2/ 

1/  Provide  estimates  of  the  percent  of  oversized  material  (plus 
3-in.  size)  excluded  from  samples  shipped  to  laboratory. 

2/  Forty  pounds  of  these  materials  will  be  adequate  for  all 
applicable  tests. 
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Table  3-4 

Minimum  Specimen  Requirements  (After 
Trimming)  for  Testing  Undisturbed  Samples 


Maximum  Particle  Size 

Test  1/ 

Size  of  Specimen 

No.  4 sieve  (4.76  mm.)  2/ 

Unconfined  compression 

1.4”  dia.  x 3"  long 

Direct  shear 

2.0"  x 2.0"  x 1"  thick 

Triaxial  shear 

1.4"  dia.  x 3"  long 

Permeability 

2"  dia. 

1/2  inch  2/ 

Unconfined  compression 

2.8"  dia.  x 6.0"  long 

Triaxial  shear 

2.8"  dia.  x 6.0"  long 

Permeability 

4.0"  dia. 

1 inch  2 J 

Triaxial  shear 

4.0"  dia.  x 8.0"  long 

Permeability 

6.0"  dia. 

1 1/2  inches 

Triaxial  shear 

6.0"  dia.  x 12.0"  long 

Permeability 

6.0"  dia. 

1 / Table  3-3  gives  the  sizes  of  materials  which  are  required  for  mechanical 
analysis,  liquid  limit,  plastic  limit,  specific  gravity,  dispersion, 
soluble  salts  and  linear  shrinkage.  If  undisturbed  samples  are  not 
large  enough  to  meet  these  requirements,  disturbed  samples  ,of  the  sizes 
indicated  should  be  taken  at  the  same  elevation  from  an  adjacent  hole 
to  represent  the  undisturbed  materials. 

2/  If  materials  have  scattered  particles  larger  than  the  sizes  shown, 
it  may  still  be  possible  to  trim  these  test  specimens  without  going 
to  a larger  specimen  size. 


APPENDIX  TO  CHAPTER  3 


ON 

SITE  INVESTIGATIONS 


Introduction 

This  appendix  describes  some  of  the  characteristics  of  streams  and 
valleys  including  the  indicators  of  instability,  under  natural  or 
modified  conditions,  and  how  these  are  related  to  soil  types.  Fac- 
tors pertaining  to  bedload  sediment  transport  and  how  they  influence 
the  stability  of  channels  are  also  discussed.  The  information  is 
included  largely  to  facilitate  field  investigations  and  interpreta- 
tions of  data  collected. 

Interpretation  of  Geologic  History 

Factors  that  affect  the  stability  of  soil  materials  include  the 
origin  cr  mode  of  deposition,  history  of  wetting  and  drying,  conso- 
lidation by  overburden  or  desiccation  and  changes  in  mineralogical 
composition. 

Mode  of  deposition  may  be  divided  into  three  general  classes: 

1.  Deposition  in  a saturated  environment  including  marine,  lacus- 
trine and  floodplain  deposits , the  latter  only  in  ponded  or 

s low-moving  f low . 

2.  An  unsaturated  environment  where  deposition  occurs  in  a moderate 
to  fast-moving  flow  and  where  the  water  quickly  drains  away. 

3.  An  aeolian  environment,  particularly  the  accumulation  of  wind- 
blown loessial  deposits. 

Deposition  in  saturated  environments  permits  adjustments  in  grain 
fabric  so  that  each  particle  is  in  fairly  close  contact  with  the  ad- 
jacent particles  prior  to  draining.  Well  graded  particles  have  a 
greater  potential  for  packing.  The  term  "well  graded"  implies  a 
more  or  less  continuous  distribution  from  coarse  to  fine  particles 
over  a wide  range  of  size,  whereas  the  term  "poorly  graded"  implies 
that  the  particles  are  all  about  the  same  size  or  that  some  inter- 
mediate sizes  are  missing.  Exposure  to  air  and  desiccation  of  sedi- 
ment deposited  under  saturated  conditions  has  a marked  influence  on 
their  stability,  generally  adding  greatly  to  strength.  This  is 
largely  a result  of  increases  in  pore  tension  related  to  evaporation 
and  capillary  rise.  The  crust  formed  by  alternating  drying  and  wetting 
of  successive  crusts  may  have  more  substantial  effect  on  consolidation 
than  burial  of  profiles  below  the  water  table  at  some  depth. 


3.1-2 


Some  sediments  deposited  on  alluvial  fans  in  arid  climates  become 
fixed  with  a loose  grain  fabric  because  of  rapid  loss  of  water  and 
then  desiccation.  The  particles  become  lightly  cemented  and  remain 
as  a mass  of  relatively  low  density.  Subsequent  rains  usually 
cause  only  superficial  saturation  and  collapse  of  the  loose  fabric. 

Loess  is  deposited  in  a manner  that  is  conducive  to  collapse  of 
structure  under  saturated  conditions  although  it  exhibits  great 
strength  when  dry  or  with  a low  moisture  content.  The  essentially 
one  sized  wind-blown  particles  adhere  to  each  other  on  contact  and 
readjustment  to  a more  stable  position  is  prevented  under  the  pre- 
vailing environment.  Studies  of  the  redeposited  constituents  of 
loess  on  alluvial  plains  show  a considerably  more  stable  aggregate 
is  formed  by  erosion  and  redeposition.  This  appears  to  be  a result 
of  the  denser  packing  of  grains  under  saturated  conditions  since 
the  wind  deposited  and  alluvial  materials  studied  have  about  the 
same  size  distribution.  The  bonding  constituent  is  generally  clay 
with  a small  amount  of  calcium  carbonate. 

Changes  in  particle  size  distribution  and  soil  structure  can  occur 
following  deposition  that  may  alter  the  indicated  environment  of 
accumulation.  These  changes  include: 

1.  Deposition  of  finer  or  coarser  sediment  among  the  particles 
accumulating  under  a different  flow  regime.  For  example,  voids 
between  gravel  depositing  under  a channel  flow  regime  are  filled 
with  fine  sediment  during  receding  flows. 

2.  The  process  of  eluviation  or  movement  of  fine  particles  down- 
ward in  the  profile.  This  process,  over  time  and  with  suffi- 
cient rainfall,  results  in  accumulations  of  clay  size  particles 
in  a subsoil. 

3.  Weathering,  or  breaking  down  of  particles  by  physical  or 
chemical  means . 

4.  Filling  of  voids  by  chemical  precipitates  such  as  calcium 
carbonate . 

Identification  of  the  materials,  as  to  whether  or  not  they  were 
deposited  by  the  stream  whose  runoff  will  be  carried  by  the 
improved  channel,  is  an  aid  in  predicting  future  stability.  The 
gradient  of  such  a stream,  as  well  as  its  width-depth  ratio,  may 
exhibit  an  adjustment  to  the  type  of  sediment  carried.  When  it 
enters  the  alluvial  plain  of  a larger  stream,  the  gradient  and 
alluvium  of  the  latter  may  have  a decisive  influence.  Either  scour 
or  aggradation  may  result  from  this  change  in  regimen.  Channels 
may  flow  on  glacial  outwash  gravels  completely  foreign  to  present 
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day  stream  activity.  They  may  become  incised  in  buried  soil  profiles 
that  accumulated  under  a differing  valley  gradient,  or  in  lake  bed  or 
sea  embayment  deposits  foreign  to  present  day  stream  sediments.  Thus 
an  understanding  of  the  geomorphic  conditions  responsible  for  the 
origin  and  stratigraphy  of  valley  deposits  helps  to  predict  the  loca- 
tion and  areal  extent  of  beds  pertinent  to  the  channel  problem.  It 
may  aid  in  determining  the  location  and  intensity  of  sampling  required. 

Valleys  whose  floodplains  developed  predominately  by  lateral  erosion 
followed  by  deposition  on  the  inside  of  bends  usually  have  bedload 
deposits  in  the  channel  and  at  about  the  same  level  underlying  the 
floodplain.  Soil  materials  overlying  the  bedload  deposits  are  usually 
coarse  silt  size  or  fine  sand  because  they  accumulated  on  channel 
slipoff  slopes  where  velocities  are  moderate.  Lenses  of  gravel  will, 
in  turn,  drop  back  to  the  bedload  level  as  lateral  channel  erosion 
proceeds.  Valleys  whose  floodplains  developed  predominantly  by 
vertical  accretion  have  relatively  fine  textured  soils.  If  bedload 
exists  in  the  channel  bed,  it  has  been  generally  conveyed  there  from 
an  upstream  source  and  would  not  extend  across  the  valley  at  the 
same  level,  except  intermittently. 

Determinations  of  Existing  Channel  Stability 

The  bottom  and  banks  of  earth  channels  have  some  stability  problems 
in  common,  others  that  are  dissimilar.  For  purposes  of  clarity  they 
will  be  considered  separately  in  the  following  discussion: 

Channel  Bottom  Characteristics 


There  are  many  indicators  of  channel  bottom  stability.  The  most 
favorable  sign  of  stability  is  the  presence  of  rock  outcrop  either 
underlying  the  whole  reach  or  at  intervals  closely  enough  spaced  to 
control  the  grade.  Boulders  or  gravel  in  a U-shaped  section  are 
usually  indications  of  stability,  particularly  when  associated  with 
vegetated  banks. 

Old  established  vegetation  that  is  rooted  at  the  low  flow  stages  of 
the  stream  is  a good  indication  that  the  channel  is  not  currently 
degrading.  Where  vegetation  of  this  type  is  common  along  the  banks, 
but  none  near  the  bottom,  the  possibilities  of  recent  degradation 
exist. 

Channel  bottoms  with  vertical  banks  on  both  sides  in  the  toe  section 
of  the  low  flow  channel  indicate  recent  downcutting.  However,  in 
arid  and  semi-arid  climates,  vertical  banks  on  both  sides  of  the.  low 
flow  and  flood  channel  are  common  whether  or  not  the  channel  bottom 
is  stable.  On  the  other  hand,  a vertical  bank  on  one  side  and  then 
the  other  is  attributable  to  meandering  within  the  channel.  Nick- 
points  or  sharp  changes  in  grade  in  any  materials  other  than  rock 
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or  cemented  gravels  are  a certain  indicator  of  downcutting  at  a 
rate  likely  to  influence  the  stability  of  the  whole  reach.  Other 
indicators  of  downcutting  are  tributaries  which  enter  the  principal 
stream  at  an  overfall  or  on  a steep  grade  in  the  alluvium. 

Channel  Bank  Characteristics 


Channel  banks  are  easily  recognized  as  stable  when  they  are  well 
vegetated  with  a growth  of  trees,  brush  or  perennial  grass.  It 
is  less  easy  to  determine  whether  the  vegetation  developed  because 
of  favorable  site  conditions  including  non-eroding  banks  or  whether 
the  vegetation  itself  is  the  primary  cause  of  stability.  Since  the 
greatest  stress  is  on  the  outside  of  bends,  this  bank  line  section 
should  show  signs  of  greater  channel  width  if  there  are  no  other 
obvious  signs  of  erosion.  On  the  other  hand,  raw,  vertical  banks 
are  not  always  a sign  of  erosion,  since  some  soils,  notably  loess, 
normally  occur  in  this  manner  along  escarpments  and  channels, 
whether  or  not  bank  recession  is  occurring. 

The  many  factors  that  influence  the  stability  of  channel  beds  also 
affect  the  banks.  Where  the  channel  bottom  is  stable  and  the 
banks  are  not  subject  to  undermining,  the  most  sensitive  condition 
for  bank  recession  is  the  occurrence  of  a non-cohesive  unconsoli- 
dated layer  at  or  near  the  base  of  the  bank  (or  throughout  the 
bank) . 

The  following  causes  of  bank  failure  have  been  adapted  from  a 
report  by  the  United  Nations—'  on  river  training  and  bank  protec- 
tion. The  causes  of  bank  failure  should  be  identified  by  these 
causes,  when  possible: 

1.  Washing  away  of  soil  particles  of  the  bank  by  currents  or 
waves . 

2.  Sliding  due  to  the  increase  of  the  bank  slope  as  a result  of 
erosion  and  scour. 

3.  Undermining  of  the  toe  of  the  bank  by  currents,  waves,  swirls, 
or  eddies  followed  by  collapse  of  overhanging  material  deprived 
of  support. 

4.  Sloughing  or  sliding  of  the  slope  when  saturated. 

5.  Sliding  due  to  seepage  of  water  flowing  back  into  the  river 
after  the  receding  of  floods. 

6.  Piping  in  a sub-layer  due  to  movement  of  ground  water  to  the 
river. 
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Bank  failure  under  1,  2,  and  3 are  attributed  to  direct  erosion  or 
scour.  Failure  under  4 may  be  caused  by  low  internal  strength,  under 
4 and  5 by  reduction  in  strength,  and  under  6 by  foundation  failure. 
Losses  in  strength  due  to  saturation  of  the  soil  may  greatly  increase 
erosion  exerted  by  tractive  and  gravitational  forces. 

Sliding  due  to  return  seepage  from  the  banks  after  the  recession  of 
floods  occurs  on  streams  that  tend  to  have  a rapid  fall  in  stage, 
and  banks  that  consist  of  materials  whose  voids  have  been  filled  with 
water  during  the  storm  but  drain  slowly  during  the  falling  stage. 

Soil  materials  most  seriously  affected  by  a rapid  drawdown  are 
those  in  the  fine  sand  and  silt  range.  Slumping  frequently  occurs 
along  the  contact  zone  between  moderately  pervious  materials  and 
underlying  impervious  clays,  or  in  homogeneous  materials  where  the 
bank  has  been  undercut  or  artificially  steepened. 

The  source  of  water  that  initiates  bank  failure  may  not  be  the 
stream  flow.  Prolonged  rains  can  saturate  the  soil  profile,  as  well 
as  ground  water  seepage  or  overland  flow  toward  the  stream.  The 
tractive  force  or  velocity  of  streamflow  may  be  only  indirectly 
or  not  at  all  related  to  bank  failure  and  other  causes  should  be 
considered  in  the  investigation  of  channel  stability. 

Effect  of  Change  in  Stream  Regimen  on  Channel  Stability 

In  the  investigations  pertaining  to  channel  stability,  recognition 
should  be  given  to  the  changes  in  stream  regimen  that  may  be  caused 
by  improvements.  Not  only  an  understanding  of  the  on-site  influence 
of  a proposed  improvement  is  desirable  but  also  an  appreciation  of 
upstream  and  downstream  effects.  The  improvements  and  their  possible 
relationship  to  the  entire  stream  system  should  be  considered. 

Three  major  changes  in  stream  regimen  and  in  the  stability  of  the 
channel  bottom  and  banks  can  be  caused  by  improvements.  These  are: 

1.  Change  in  hydraulic  characteristics. 

2.  Change  in  discharge  characteristics. 

3.  Change  in  sediment  load. 

Change  in  Hydraulic  Characteristics 

The  hydraulic  characteristics  of  a channel  may  be  changed  by  clean- 
ing and  straightening,  lining  or  partial  lining  of  banks  or  a com- 
bination of  these  measures.  Greater  velocities,  depths  of  flow  and 
tractive  forces  may  occur  after  improvement  than  occurred  before  the 
improvements  were  installed.  This  possibility  indicates  the  need 
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for  adequate  identification  and  classification  of  the  materials  in 
banks  and  bed  even  though  they  may  be  stable  under  existing  con- 
ditions . 

Straightening  a channel  will  increase  the  hydraulic  efficiency  but 
it  may  lower  the  local  base  level  of  the  stream.  This  change  can 
start  degradation  that  may  extend  for  many  miles  above  the  initial 
point.  Some  changes  in  regimen  which  are  related  to  straightening, 
and  also  increases  in  discharge,  are  discussed  below. 

A shifting  bed  of  gravel  may  have  an  important  effect  on  the  stab- 
ility of  banks  when  the  hydraulic  efficiency  is  increased.  The 
shifting  will  be  accelerated,  together  with  rate  of  change  in  the 
places  of  attack  on  the  banks.  Under  these  circumstances  a bank 
that  was  considered  stable  at  the  time  of  improvement  may  become 
unstable  as  the  shifting  of  bars  changes  the  bed  configuration. 

Types  of  improvements  that  can  cause  a decrease  in  hydraulic  effi- 
ciency include  stabilization  structures  that  reduce  grade.  Vege- 
tative growth  increases  roughness  and  acts  to  hold  the  soil  in 
place.  These  measures  reduce  velocities  and  tractive  forces  and 
lessen  the  risk  of  scouring  vulnerable  materials. 

Change  in  Discharge  Characteristics 

A change  in  discharge  characteristics  can  be  achieved  by  enlarge- 
ment, levees,  new  channel  construction  or  control  of  flows  by 
reservoir  storage. 

Widening  a channel  will  lower  the  depth  of  flow  for  a given  dis- 
charge, reduce  velocity  and  the  tractive  force  along  the  bed  and 
banks.  Alluvial  materials  presently  unstable  may  become  stable  or 
more  nearly  so  by  increasing  the  width  of  flow.  On  the  other  hand, 
capacity  of  the  channel  to  transport  sediment  entering  the  upstream 
reach  will  be  reduced  and  aggradation  may  occur. 

Deepening  a channel  may  increase  the  velocity  and  tractive  force 
along  the  bed  and  banks.  Alluvial,  materials  presently  stable  may 
become  unstable.  Tendency  for  an  incoming  sediment  load  to  aggrade 
the  channel  will  be  reduced  except  under  certain  conditions  des- 
cribed in  the  section  on  bedload  sediment  transport. 

Levees  built  along  the  banks  can  cause  an  appreciable  increase  in 
depth,  volume  and  duration  of  flood  flows  in  the  channel  section 
and  increase  the  tractive  force  exerted  on  the  bed  and  banks. 

Levees  set  back  from  the  banks  will  tend  to  minimize  the  effect  of 
increased  discharge. 
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New  construction  may  involve  channeling  across  a fan  where  sheet  flow 
rather  than  confined  flow  was  the  natural  method  of  runoff  as  well 
as  sediment  transport.  A completely  new  regime  is  introduced  by  con- 
fining a flow  on  materials  that  may  be  low  in  strength.  Saturation 
of  the  materials  by  the  channelized  flow  may  cause  the  loss  of  what- 
ever cohesive  strength  may  have  been  present.  The  particles  will  be 
subject  to  transport  by  forces  applicable  to  single  grains.  The 
process  is  an  accelerating  one  in  any  soil  of  low  cohesive  strength, 
providing  the  particles  are  subject  to  ready  transport.  That  is, 
the  more  the  channel  tends  to  be  confined,  the  greater  the  depth  of 
saturation  and  loss  of  strength.  This,  along  with  drying  cracks, 
may  explain  the  customary  rectangular  channels  in  arid  and  semi- 
arid  country.  With  each  successive  removal  of  soil  it  is  always 
the  layer  underneath  that  is  weaker  rather  than  the  sides,  since  they 
are  less  apt  to  become  saturated. 

Control  of  flows  by  upstream  reservoirs  will  reduce  the  magnitude 
of  peak  discharges,  depths  of  flow  and  velocities,  and  tractive 
forces.  The  change  in  flows  may  be  such  that  formerly  unstable  bed 
and  banks  become  stable.  On  the  other  hand,  release  of  reservoir 
storage  may  extend  erodible  discharges  for  considerable  periods  of 
time.  Prolonging  the  time  of  inundation  and  extending  the  depth 
and  degree  of  saturation  of  fine  materials  may  be  a major  factor 
influencing  the  stability  of  channels  below  retarding  reservoirs. 

Changes  in  Sediment  Load 


Reduction  in  sediment  load  may  be  achieved  by  land  treatment  and 
minor  structural  measures  or  by  reservoir  or  debris  basin  control. 

A reduction  in  the  amount  of  silt  and  clay  size  particles  has  little 
effect  on  channel  stability  unless  the  concentration  is  substantial. 
Simons,  Richardson  and  Haushildi=i'  found  in  flume  experiments  that 
bed  material  transport  increased  with  a decrease  in  flow  resistance 
at  a suspended  load  concentration  of  9,580  parts  per  million.  A 
reduction  in  even  moderate  concentrations  will  benefit  sluggish 
vegetated  channels  that  are  apt  to  aggrade  with  any  sediment  size. 
Fine  sediment  is  usually  kept  in  suspension  by  the  upward  components 
of  turbulent  flow.  Bedload,  on  the  other  hand,  is  entrained  and 
transported  by  forces  in  the  turbulent  boundary  layer.  These  dif- 
ferences in  use  of  the  stream  flow  energy  indicate  that  a reduction 
in  the  sediment  traveling  as  bedload  will  have  a greater  effect  on 
channel  stability  than  suspended  load. 


Bedload  Sediment  Transport  Characteristics 

Characteristics  of  Particles  Affecting  Transport 

The  transportation  of  sediment  as  bedload  involves  a number  of 
factors  that  vary  considerably  in  magnitude,  individually  and  in  their 
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mass  effect.  These  factors  include  such  stream  flow  and  channel 
characteristics  as  depth,  slope,  velocity  and  turbulence  and  sedi- 
ment characteristics  such  as  size,  shape,  specific  gravity  and 
sorting. 

The  most  important  individual  characteristic  of  sediment  affecting 
bedload  transport  is  the  size  of  the  particles.  Other  character- 
istics of  varying  importance  include  shape  and  specific  gravity. 
Within  limits,  the  smaller  the  particle  the  greater  ease  with 
which  it  is  placed  and  maintained  in  motion.  In  the  smaller  sand 
sizes  (.1  - .15  mm.)  the  resistance  of  the  particle  falling  in 
water  is  due  predominately  to  the  viscosity  of  the  water.  Resist- 
ance to  fall  of  the  larger  particles  specifically  above  2 mm.  is 
due  chiefly  to  inertia  of  the  water.  Between  sizes  of  about  0.15  mm. 
and  2 mm.  there  is  a shift  in  importance  from  viscous  to  inertial 
forces . 

The  influence  of  particle  shape  on  the  fall  velocity  of  sedimentary 
particles  is  that  velocity  of  fall  of  a particle  decreases  markedly 
as  the  shape  departs  from  that  of  a sphere.  For  example,  a flat 
pebble  settles  at  a rate  about  one-third  that  of  a sphere  of  the 
same  volume  and  specific  gravity.  Also,  shape  has  its  greatest 
influence  on  fall  velocity  as  the  inertial  forces  become  predomi- 
nant over  the  viscous  forces.  Therefore,  shape  is  of  most 
importance  for  larger  sediment  sizes. 

Specific  gravity  would  be  an  important  characteristic  of  sediment 
were  it  not  for  the  fact  that  its  variation  in  average  alluvial 
materials  is  relatively  small.  This  factor  need  not  be  taken 
into  account  in  most  channel  stability  investigations  unless 
heavy  minerals  or  exceptionally  light  rock  particles  are  included 
in  a sediment  mixture  in  substantial  quantities. 

Sorting  is  an  important  factor  in  respect  to  the  relative  avail- 
ability  of  the  material  for  transport  and  the  potentiality  for 
segregation  and  development  of  an  armor  pavement. 

In  a stream  the  properties  of  the  water  and  sediment  and  the 
interaction  between  them  all  influence  the  rate  of  sediment 
transport.  Some  of  these  inter-related  factors  include  tempera- 
ture of  the  water,  turbulence  of  the  flow,  and  configuration  of 
the  bottom  in  response  to  variations  in  flow. 

The  effect  of  temperature  on  the  capacity  of  water  to  transport 
sediment  is  significant  to  sediment  transport  only  for  finer 
sizes.  LeliavskyM/  concluded  from  a study  of  reservoir- 
controlled  flows  on  the  Colorado  River  that  it  was  an  important 
variable  in  transport  for  particle  sizes  smaller  than  0,3  mm., 
but  it  was  negligible  for  larger  particle  sizes.  The  greater 
viscosity  of  cold  water  enables  transport  of  a heavier  concen- 
tration of  fine  sediment. 
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Roughness  of  the  bed  has  a pronounced  influence  on  the  velocity  of 
flow,  and  thus  sediment  transport.  In  a sand  bedded  stream  rough- 
ness varies  considerably  during  any  flow  that  has  a substantial 
range  in  discharge.  This  is  due  to  the  formation  of  ripples,  dunes 
and  anti-dunes.  This  resistance  in  turn  affects  the  velocity  and 
the  ability  of  the  flow  to  transport  sediment. 

The  adjustment  of  the  stream  flow  to  the  resistance  offered  by 
ripples  and  dunes  is  that  stage  or  depth  will  increase  without  a 
corresponding  increase  in  velocity.  As  discharge  is  increased  to 
rapid  flow  levels  a plane  bed  redevelops  or  anti-dunes  form. 

The  relative  ease  with  which  ripples  and  dunes  form  is  important 
when  it  is  considered  that  the  turbulence  which  this  roughness  helps 
create  may  sustain  particles  of  low  settling  velocity  in  suspension. 
Bed  sediments  coarser  than  4 to  5 mm.  do  not  have  changes  in  bed 
roughness  comparable  to  those  created  with  sand-size  particles, 
although  some  variation  in  n values  is  related  to  reshaping  of  the 
bed  during  flood  flows.  One  of  the  most  significant  factors  related 
to  the  transport  of  these  materials  is  probably  the  variation  in 
discharge  due  to  constriction  or  expansion  of  the  flow  lines  and 
curvature  of  the  channel.  Projection  of  coarse  particles  into  the 
stream  flow  insures  that  roughness  and  velocity  fluctuation  will  be 
characteristics  of  the  flow  over  the  bed.  Once  movement  of  a coarse 
particle  has  been  initiated,  its  continuance  in  motion  is  dependent 
on  whether  the  transporting  power  of  the  flow  can  be  maintained  or 
increased. 

Sediment  Transport  in  Sand  Bed  Streams 

Streams  which  carry  their  capacity  of  the  sand  sizes  are  character- 
istic of  many  natural  channels.  The  sand  grains  which  are  picked 
up  at  some  distant  point  upstream,  are  not  necessarily  those  that 
will  move  through  a downstream  reach.  Lane  and  BorlandAA/  have 
shown  that  the  sand  beds  of  channels  do  not  move  out  en  masse  during 
a flood.  Depth  of  scour,  except  at  constrictions,  is  more  appropri- 
ately depth  of  disturbance  when  a capacity  load  is  being  moved  into 
the  reach  from  upstream. 

A part  of  the  adjustment  of  sand  bed  streams  in  equilibrium  is  due 
to  a gradual  trading  of  coarse  sizes  for  fine  as  the  channel  slope 
decreases.  KuenenAp/  has  shown  that  the  downstream  reduction  in 
size  and  shape  of  sand  size  particles  would  not  be  caused  in  any 
significant  measure  by  their  abrasion  in  transit.  The  downstream 
decrease  in  size  results  from  sorting,  the  latter  being  related  to 
changes  in  transport  capacity.  Abrasion  is  of  greater  importance 
in  size  decrease  of  gravel  and  cobbles,  although  sorting  still  plays 
a major  role.  The  process  of  trading  sizes  plus  the  through  trans- 
port of  other  finer  sizes  is  therefore  a normal  condition  for  streams 
in  equilibrium. 
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In  view  of  the  normalcy  of  full  bedload  sediment  supply  with  many 
streams  that  are  neither  scouring  nor  aggrading,  it  is  pertinent 
to  consider  in  what  manner  some  problem  streams  differ  from  those 
causing  little  or  no  concern.  One  difference  that  has  been  well 
recognized  as  a major  cause  is  change  in  channel  grade.  Since 
streams  in  equilibrium  also  have  a reduced  grade  downstream,  the 
rate  of  change  in  grade  appears  to  be  the  important  difference. 
Without  the  gradual  decrease  in  grade  typical  of  equilibrium 
channels,  processes  such  as  trading  of  sediment  of  one  size  for 
another  cannot  proceed  in  a manner  necessary  for  stability.  Where 
channel  improvements  are  to  be  made  without  interruption  of  bed- 
load sediment  supply,  it  would  be  desirable  to  simulate  rate  of 
gradient  change  of  stable  channels  in  the  same  vicinity  and  that 
have  the  same  type  of  bed  sediment.  The  lower  the  rate  of  change 
in  gradient  the  more  likely  that  any  tendency  to  aggrade  from  this 
cause  will  be  in  the  form  of  evenly  distributed  deposits  over  a 
comparatively  long  reach  of  channel.  Conversely,  the  higher  the 
rate  of  change,  the  more  easily  the  channel  can  become  plugged. 

Variations  other  than  in  grade  that  may  cause  scour  or  aggradation 
in  a channel  carrying  sand  include  differences  in  width  and  depth 
over  that  in  a stable  section  upstream.  These  differences  may  be 
directly  reflected  by  consistent  changes  in  velocity  that  are 
subject  to  evaluation  as  influences  on  stability. 

The  channels  of  uncontrolled  streams  with  sand  beds  frequently 
carry  a full  supply  of  bedload  since  these  materials  are  picked 
up  with  relative  ease  even  at  low  discharges.  Construction  of  a 
dam  may  almost  completely  seal  off  the  supply,  or  control  of  a 
major  sediment  source  upstream  may  drastically  reduce  the  supply. 
In  the  former  instance,  the  flood  hydrograph  is  usually  changed 
greatly  and  in  the  latter  instance  it  is  usually  not.  In  either 
case,  the  sediment  load  which  formerly  acted  as  a buffer  against 
entrainment  of  substantial  quantities  of  bed  material  is  no  longer 
present.  Erosion  of  the  bed  begins  and  will  continue  until  the 
energy  gradient  decreases  to  a level  where  scour  is  no  longer 
possible.  Maximum  depth  of  scour  may  be  determined  by  applica- 
tion of  tractive  force  principles  to  the  changing  energy  grad- 
ient. Prior  to  reaching  a level  based  on  a limiting  tractive 
force,  however,  scour  may  be  stopped  by  development  of  an  erosion 
pavement  consisting  of  the  coarsest  grains  in  the  original  mix- 
ture after  the  finer  particles  have  been  removed.  As  a result  of 
studies  by  several  investigators,  sediment  sizes  between  D90  and 
D98  have  been  proposed  as  those  significantly  contributing  to 
an  erosion  pavement.  It  is  likely,  however,  that  segregation 
and  pavement  development  would  serve  as  a major  stabilizing 
influence  only  when  the  coarsest  fraction  deviates  rather  widely 
from  the  mean  size. 
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Sediment  Transport  in  Gravel  and  Cobble  Streams 

Streams  with  a characteristic  supply  of  sand  as  bedload  differ  con- 
siderably from  those  with  coarser  bedload  predominating.  The  primary 
reason  for  this  is  the  transporting  power  of  flow  must  be  sustained 
in  excess  of  the  settling  velocity  of  coarse  particles,  whereas  tur- 
bulence helps  to  maintain  the  transport  of  finer  sizes.  For  this 
reason  a stream  may  alternately  pick  up  and  drop  a supply  of  gravel 
and  cobbles  if  these  sizes  are  characteristic  of  the  bed  material. 

Rate  of  bedload  transport  is  directly  related  to  changes  in  the  hy- 
draulic radius,  so  it  is  easy  to  understand  how  transport  of  coarse 
bedload  drops  to  negligible  amounts  on  spreading  alluvial  fans; 
thus  the  two  extremes  are  commonly  adjacent  to  each  other — the  max- 
imum potential  for  transport  in  the  canyons  and  a negligible  capacity 
on  undissected  fans.  This  association,  with  the  completeness  of 
coarse  bedload  deposition,  results  in  very  little  coarse  sediment 
being  carried  by  streams  issuing  from  undissected  fans.  On  the 
contrary,  the  presence  of  coarse  bedload  is  characteristic  of  streams 
which  have  maintained  a well  defined  channel.  Channels  are  maintained 
when  there  is  no  sudden  change  in  transport  characteristics  in  the 
canyon  as  compared  to  the  valley.  The  moderate  and  gradually  changing 
gradient  of  coarse  bedload  streams  flowing  in  alluvium  is  associated 
with  a topographically  gradual  transition  from  mountain  and  hill 
valleys  to  floodplains. 

A characteristic  of  alluvial  valleys  with  a stream  flowing  on  coarse 
bed  material  is  the  shallow  incision  of  the  channel  into  the  flood 
plain  deposits  providing  the  bed  and  banks  are  of  the  same  period 
of  alluviation.  The  thalweg  is  usually  incised  only  a foot  or  two 
below  the  general  bar  surface  and  the  latter  is  in  general  only  a 
few  feet  below  the  surface  of  the  floodplain.  Channel  changes  within 
the  floodplain  are  accomplished  by  erosion  of  uncemented  gravels  at 
the  base  and  of  non-cohesive  silts  and  silty  sands  in  the  middle  and 
upper  banks.  Deposition  on  the  channel  side  opposite  points  of 
erosion,  frequently  but  not  exclusively  on  the  inside  of  bends,  is 
facilitated  by  vegetative  growth. 

The  reason  for  the  limiting  bank  height  in  coarse  bedload  streams 
is  that  flows  which  exceed  bank  capacity  spread  over  the  floodplain 
but  fail  to  add  substantially  to  soil  depth  by  vertical  accretion. 

The  introduction  of  coarse  bedload  at  a rate  heavier  than  capacity 
to  transport  will  either  force  an  increase  in  the  channel  width  by 
erosion  of  weak  banks  or  cause  fan-like  dispersion  of  flows.  In 
other  words,  pronounced  aggradation  of  a coarse  bedload  stream  will 
force  it  to  take  a new  path  where  equilibrium  flow  is  possible,  or 
the  flow  will  fplit  into  several  parts. 

The  depth  of  scour  which  may  occur  before  a new  pavement  could  be 
established  depends  on  the  most  effective  size  for  protection  of 


3.1-12 


underlying  finer  material.  If  the  magnitude  of  a flow  is  sufficient 
to  remove  the  Dqo  size,  for  example,  then  presumably  a size  form- 
ing even  a less  proportion  by  weight  of  the  un-eroded  gravel  mass 
would  provide  the  protective  armor. 

Coarse  bedload  movement  in  alluvial  valleys  is  frequently  limited 
to  the  highest  portion  of  a flood  hydrograph  when  tractive  forces 
and  bed  velocities  are  most  likely  to  exceed  those  necessary  to 
initiate  and  sustain  transport.  Because  of  divergence  of  flow  at 
irregular  sections,  including  bends  in  a stream,  the  flow  may  dip 
below  critical  values  even  during  the  peak  of  substantial  flood 
flows.  Through  such  local  variations  and  decline  below  forces 
necessary  for  continued  movement,  temporary  deposition  occurs 
subject  to  re-entrainment  during  subsequent  flows. 

Types  of  channel  improvements  along  streams  transporting  coarse 
bedload  must  be  adapted  to  the  conditions  peculiar  to  this  type 
of  sediment.  Because  of  the  sudden  loss  of  capacity  with  declin- 
ing gradients  and  loss  of  confinement  at  the  mouth  of  many  moun- 
tain canyons,  channel  improvements  on  the  fan  must  be  predicted 
on  the  construction  of  an  intercepting  reservoir  or  debris  basin. 

On  the  alluvial  floodplain,  local  bank  protection  may  more  quickly 
transfer  the  locus  of  attack  to  an  adjacent  bank,  or  the  protected 
section  can  be  left  stranded  by  erosion  just  upstream.  Construc- 
tion of  erosion  resistant  bank  protection  on  each  side  would 
provide  a relatively  stable  channel  once  an  erosion  pavement  was 
established;  and  providing  the  contribution  of  coarse  bedload 
from  above  the  improved  reach  was  very  minor.  Effective  transport 
of  coarse  bedload  through  an  improved  reach  may  simply  transfer 
the  problem  of  disposition  to  a lower  reach  where  a reduction  in 
gradient  inevitably  occurs. 

Sources  of  Bedload  Affecting  Channel  Stability 

Clear  indication  that  bed  material  is  being  transported  during 
flood  flows  is  the  presence  of  loose  sand  or  gravel  in  the  channel 
bottom.  Determining  the  ready  availability  of  bedload  is  a rela- 
tive matter  since  there  may  be  enough  in  the  channel  system  to 
fully  charge  a moderate  flow  but  not  a large  one.  By  this  speci- 
fication, a full  supply  should  be  considered  in  a general  sense 
as  an  amount  available  for  transport  during  total  runoff  of  a 
flow  that  reaches  bank  full  or  design  magnitude,  whichever  is  the 
lesser . 

Signs  of  under-supply  are  intermittent  exposures  of  cohesive  soil 
or  rock  along  the  channel  bottom.  Another  probable  indication  of 
under-supply  is  a shallow  but  continuous  layer  of  bedload  material, 
also  overlying  cohesive  soil,  rock  or  very  much  coarser  sediment. 

In  either  case,  such  accumulations  may  only  be  the  deposits  of  a 
receding  flow. 
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Deposits  of  bed  materials  at  places  remote  from  the  improvement 
reach  do  not  constitute  a full  or  ready  supply.  The  supply  and  im- 
provement reaches  should  be  more  or  less  contiguous,  but  not  the 
same.  On  the  other  hand,  there  exists  the  possibility  that  sediment 
which  is  transported  in  suspension  at  a steep  -up-s-tream  reach  may 
constitute  bedload  material  further  downstream.  This  condition 
would  exist  in  an  improvement  reach  only  where  there  is  a marked 
difference  in  slope,  roughness  and  capacity  between  it  and  the  bed- 
load-free  reach  immediately  upstream. 

Bedload  transporting  streams  are  frequently  wide  in  relation  to 
depth,  because  relatively  non-cohesive  erodible  material  comprises 
the  margins  as  well  as  the  bottom.  In  such  cases,  cause  and  effect 
are  intimately  related;  that  is,  a stream  spreads  because  of  its 
load,  but  velocities  are  generally  too  great  for  deposition  of  fine 
sediment.  The  flow,  even  during  flood,  remains  relatively  shallow 
because  of  a "built  in"  type  of  equilibrium.  If  the  load  coming 
in  is  greater  than  that  leaving  the  reach,  the  stream  adjusts  itself 
by  widening  the  channel. 

In  sand-bedded  streams  large  changes  in  roughness  occur  as  the 
velocity  and  depth  increase  or  decrease.  In  those  stream  reaches 
where  shallow  depths  are  preserved,  maximum  roughness  is  maintained 
or  lasts  much  longer  than  in  other  stream  reaches  where  greater  depths 
are  reached  at  the  same  discharges.  Thus,  the  bedload  sediment  trans- 
port per  foot  of  width  during  the  course  of  a flood  is  much  smaller 
in  the  former  than  the  latter.  Natural  streams  frequently  make 
adjustments  in  streambed  or  water  surface  slope  to  compensate  for 
variations  in  sediment  transport  and  still  remain  in  equilibrium. 

The  demands  on  bedload  sediment  supply  being  greater  per  unit  width 
in  the  narrow,  deeper  sections,  maintenance  of  equilibrium  in  these 
reaches  depends  on  the  flexibility  and  gradualness  in  the  transitions 
from  a wide  reach.  It  is  not  uncommon  that  a deeper  channel  has  been 
cut  in  one  or  more  reaches  because  of  some  cohesion  in  the  banks  that 
enables  dissection  of  the  valley  fill.  If  this  resistant  zone  extends 
across  the  channel  bottom,  the  flexibility  of  grade  modification  that 
is  required  to  maintain  equilibrium  with  an  upstream  section  may  be 
impaired.  The  downcutting  which  can  ensue  with  an  under-supply  of 
sediment  is  not  an  uncommon  cause  of  the  alternating  deposition  areas 
and  nickpoints  in  a number  of  stream  valleys. 

When  the  condition  of  wide  shallow  channels  above  narrow  deep  ones 
in  sand-bedded  streams  is  reversed;  that  is,  from  high  sediment 
transport  per  foot  of  width  to  a low  rate  over  a much  wider  area, 
the  adaptibility  of  the  latter  reach  to  widen  its  banks  in  compensa- 
tion presents  a less  serious  possibility  as  an  aggradation  feature 
than  the  former  does  as  a potential  degradation  reach. 
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One  additional  sand  bed  stream  type  that  is  less  common  is  one  of 
consistent  widths,  depths  and  slope,  offering  the  most  favorable 
conditions  for  equilibrium  transport.  Improvement  of  a portion  of 
such  a reach  to  provide  stability  and  added  capacity  can  create  an 
aggradation  problem  where  none  existed  before.  This  pertains'  to  low 
or  moderate  flows  that  are  able  to  transport  more  sediment  at 
shallow  depths  than  they  do  with  the  same  mean  velocity  but  lower 
bottom  velocity.  In  such  Instances,  the  improved  reach  may  fill, 
requiring  clean-out  before  being  able  to  carry  the  same  size  flood. 
To  be  self  cleaning  the  supply  of  bedload  upstream  must  decrease 
and/or  the  capacity  of  the  improved  reach  be  great  enough,  even 
with  the  aggradation,  to  convey  a scour-producing  large  flood. 

The  availability  of  coarse  bed  material  varies  from  that  of  fine 
in  important  ways.  While  sand  transport  can  begin  at  low  dis- 
charges, higher  flows  are  required  to  move  gravels,  for  example. 
Wide,  shallow  flows,  with  no  transport,  can  change  to  narrow  deep 
flows  where  scour  occurs.  Wide  flows  with  sufficient  velocity  to 
move  bed  material  change  to  deep  narrow  flows  while  transporting 
incoming  material  not  much  greater  in  volume  than  that  equivalent 
to  the  latter's  stream  width  transposed  to  the  upstream  section. 

A reason  for  this  is  the  wide  section  upstream  usually  resists 
steepening  of  grade  that  would  be  necessary  to  move  coarse  bedload 
into  the  narrow  section  at  a rate  equivalent  to  or  greater  than  its 
transport  capacity.  That  is  why  its  capacity  is  maintained  if  the 
gradient  is  equal  to  that  upstream.  If  a decrease  in  gradient  is 
sufficient  to  more  than  nullify  the  greater  transport  capacity, 
then  aggradation  will  occur. 

Properties  of  Cohesive  Soils  that 
Influence  Channel  Stability 

Physical  Characteristics 


The  soils  in  existing  or  proposed  channels  may  be  clays  or  poorly 
graded  silts  or  sands.  They  may  also  consist  of  well  graded 
materials  containing  substantial  portions  of  each  major  size  class. 
In  most  alluvial  soils,  a well  graded  mixture  is  the  rule  rather 
than  the  exception.  In  any  fine  sediment,  clay  may  play  a domina- 
ting role  in  strength  of  the  mass.  Plasticity,  which  is  an  im- 
portant property  with  reference  to  strength,  is  caused  by  the 
interaction  of  clay  particles  (less  than  2 microns)  and  water.  The 
plasticity  index  is  proportional  to  the  amount  and  activeness  of 
the  clay  since  clays  have  a greater  influence  on  the  cohesive 
strength  than  other  soil  fractions.  A smaller  quantity  of  mont- 
morillonite  minerals  is  required  to  bond  silts  and  s&nds  than 
either  kaolinite  or  illite  minerals,  because  of  finer  particle 
sizes  and  the  greater  water  absorbing  characteristics  of  this 
mineral. 
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The  mineralogical  composition  of  clay  particles  also  influences  the 
strength  of  a soil  mass  at  a given  water  content  and  in  the  same 
relative  order  as  its  influence  on  cohesion.  In  other  words,  at  a 
given  water  content,  the  shear  strength  increases  progressively  from 
kaolinite  to  illite  and  then  montmoril Ionite.  Or  at  the  same  shear 
strength  montmoril Ionite  contains  much  more  water  than  the  other 
clays.  A part  of  this  difference  in  strength  is  due  to  size  of  the 
clay  particles,  kaolinite  being  the  coarsest,  illite  is  intermediate, 
and  montmorillonite  is  the  finest. 

Structural  changes  in  the  soil  mass  that  may  affect  their  stability 
include  the  fissuring  of  clayey  materials.  This  may  cause  the  soil 
to  break  off  in  chunks  or  otherwise  speed  erosion  of  surfaces  exposed 
to  stream  flow.  One  explanation  of  the  cause  of  fissuring  is  a 
process  known  as  syneresis.  It  is  a colloidal  attraction  which  draws 
particles  together,  expelling  some  of  the  pore  water. 

Contraction  and  expansion  with  seasonal  variation  in  water  content 
is  also  responsible  for  jointing  in  clays. 

Penetration  of  the  soil  mass  by  roots , that  on  decay  furnish  passage 
for  water  or  that  cause  breaks  in  a massive  structure,  are  other 
factors  which  require  on-site  evaluation. 

Strength  of  soil  materials  increases  with  consolidation.  The  amount 
of  consolidation  involves  a decrease  in  volume  of  voids,  and  depends 
on  the  type  of  materials  and  weight  of  the  overburden.  It  is  pro- 
bable that  in  most  field  problems  of  channel  stability,  depths  of 
overburden  to  an  existing  or  proposed  channel  bottom  will  be  a matter 
of  a few  feet.  However,  preconsolidation  either  by  (1)  previous 
greater  overburden  loading,  or  (2)  desiccation  may  increase  the 
strength  of  a soil. 

The  above  discussion  has  been  confined  to  clay,  silt,  and  sand  mix- 
tures where  behavior  of  the  soil  as  a cohesive  mass  has  been  caused 
by  various  means.  Differing  from  these  forms,  an  apparent  cohesion 
can  be  created  in  fine,  clean  sands  as  a result  of  capillary  tension. 
This  apparent  cohesion  is  quickly  dissipated  on  saturation.  Also, 
in  fine,  silty  sands  unconfined  compressive  strength  is  exhibited 
at  certain  moisture  levels.  The  behavior  of  such  materials  in  rela- 
tion to  channel  stability  is  as  individual  particles,  and  their 
mass  strength  at  certain  moisture  levels  is  not  of  direct  concern. 

The  packing  caused  by  well  graded  sands  and  gravels  provides  a mar- 
ginal area  of  inter-granular  friction  and  thus  stability. 

The  Role  of  Water  Content  in  the  Stability  of  Cohesive  Channel  Soils 

The  rate  and  depth  of  saturation  is  dependent  on  all  the  character- 
istics of  undisturbed  soils  that  have  been  previously  described. 
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Density,  mineralogical  composition  of  clay  particles  and,  it  is 
presumed,  thixotropic  properties,  all  have  an  influence  on  the 
intake  rate  and  permeability  controlling  saturation.  Other  factors 
include  the  shapes  and  arrangement  of  pores,  the  properties  of 
pore  fluids  and  amounts  of  undissolved  gasses. 

In  channels  with  perennial  flow  where  the  bottom  is  continually 
wet,-  the  depth  of  saturation  during  a flood  flow  should  be 
directly  related  to  the  depth  and  duration  of  flow  and  the  co- 
efficient of  permeability.  In  the  banks  the  influence  of  dis- 
charge in  weakening  the  soil  structure  by  saturation  is  dependent 
on  the  intake  rate  and  permeability®  In  a bed  of  dense  clayey 
materials , the  increased  head  during  flood  flows  may  have  an 
insignificant  effect  on  depth  of  saturation®  The  increased 
tractive  force,  however,  can  cause  removal  of  the  softened 
surface  layer  that  has  developed  with  time. 

In  ephemeral  channels,  initial  intake  rate  may  or  may  not  have 
an  influence  on  rate  and  depth  of  saturation,  depending  partly 
on  antecedent  moisture.  In  most  instances  it  is  probable  that 
soils,  at  least  along  the  bottom,  have  been  already  moistened 
by  some  runoff  as  well  as  rainfall® 

Channel  banks  may  be  subject  to  flows  of  long  or  short  duration „ 
with  their  exposure  above  base  flow  level  directly  related  to 
the  flood  hydrograph®  Where  relative^  impervious  materials 
are  involved,  the  flow  may  rise  and  fall  without  measurable 
saturation  and  weakening  of  the  soils. 

The  factors  influencing  rates  of  saturation  discussed  above 
pertain  only  to  the  soil  structure  as  a mass.  It  is  usually 
only  as  such  that  a quantitative  analysis  of  in-place  deposits 
or  undisturbed  samples  can  be  made.  Fissures,  holes,  vegeta- 
tion, etc.,  have  to  be  examined  at  the  site  and  their  influence 
evaluated. 

Once  saturated,  a fine-grained  soil  may  be  removed  by  stream 
flow  and  remain  largely  in  suspension  during  a course  of  the 
flow.  Some  clays  are  resistant  to  erosion  when  fully  saturated. 

An  increased  tractive  force  is  then  required  to  remove  even  a 
thin  layer  of  the  saturated  material. 

When  the  undisturbed  soil  density  is  low  and  the  grains  are  in 
loose  contact,  such  as  loessial  or  arid  fan  deposits,  the 
wetting  and  then  drying  creates  greater  stability.  The  tighter 
fabric  of  the  shell  markedly  reduces  the  rate  of  saturation 
and  channel  stability  will  be  improved  at  least  temporarily. 

The  same  situation  Is  developed  by  deposition  of  fine  sediment 
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over  an  open  textured  deposit.  This  material  reduces  the  porosity 
and,  on  drying,  forms  a protective  shell  for  underlying  materials. 

In  at  least  some  flood  flows  this  shell  may  be  removed  and  erosion 
is  re-initiated. 

A Procedure  for  Sampling  Cohesive  Soils 

Soil  materials  identified  as  cohesive  in  the  field  should  be  obtained 
for  laboratory  testing  of  erosion  resistance  in  the  following  manner: 
representative  undisturbed  and  disturbed  samples  of  the  individual 
soil  profiles  should  be  selected.  Undisturbed  samples  of  moist, 
cohesive  soils  that  will  be  subjected  to  permeability  and  unconfined 
compression  tests  can  be  obtained  with  any  thin-walled  tube  that  will 
provide  a sample  with  a minimum  length  of  two  times  the  diameter 
after  trimming.  It  is  recommended  that  the  tube  be  about  one  inch 
longer  than  the  required  length  to  permit  trimming  the  ends.  Exper- 
ience has  shown  that  tubes  approximately  two  inches  in  diameter  are 
about  the  minimum  size  that  provides  reliable  samples  in  most  moist, 
cohesive  soils.  The  tube  is  pressed  vertically  into  the  soil  by 
constant,  steady  pressure.  Wall  friction  may  be  reduced  by 
immersing  the  tube  in  water  immediately  before  sampling  or  by 
application  of  a lubricant.  The  soil  surface  on  the  inside  of  the 
tube  should  be  at  the  same  level  as  on  the  outside  when  the  tube  has 
been  pushed  flush  with  the  ground.  A noticeable  lowering  of  the 
surface  within  the  tube  indicates  compression  which  may  alter  the 
structure  and  thereby  the  results  of  laboratory  tests. 

Duplicate  samples  should  be  obtained  at  each  location,  making  avail- 
able a spare  in  the  event  of  damage  to  one  sample  in  shipment  or 
during  testing  procedures.  Each  sample  must  be  capped  and  sealed 
to  prevent  desiccation. 

Soil  materials  that  cannot  be  secured  in  an  undisturbed  condition 
with  tubing  can  be  obtained  by  other  means , such  as  hand  trimmed 
blocks.  This  would  include  fine  materials  too  dry  for  collection 
with  push  tubes  and  mixtures  of  gravel  and  a fine  cementing  matrix. 


CHAPTER  4.  DETERMINING  DESIGN  DISCHARGES 


General 

Procedures  for  determining  peak  rates  and  volumes  of  runoff  are 
available  in  the  NEH,  Section  4.  — ' ' Procedures  for  determining 
channel  capacity  for  irrigation  canals  and  laterals  may  be  found 
in  NEH,  Section  15,—'  and  for  drainage  channels  in  NEH,  Section 
161/. 

The  adaptation  of  hydrology  will  be  related  to  two  principles  in 
channel  design.  One  principle  is  the  design  of  a channel  for  a 
peak  rate  of  discharge  for  a selected  frequency  of  occurrence. 

The  second  principle  is  to  determine  the  rate  of  discharge  required 
to  remove  a volume  of  runoff  within  a specified  time  limit. 

Flood  routing  requirements  will  be  different  for  the  two  principles 
The  requirements  will  differ,  too,  for  other  needs  as  illustrated 
in  Table  4-*l. 

Procedure  for  Determining  Required  Channel  Capacity 

The  usual  practice  in  determining  the  capacity  requirement  for 
channels  is  to  make  estimates  in  the  planning  stage  that  are 
sufficiently  detailed  for  final  design.  A reconsideration  of  capa- 
city requirement  in  the  design  stage  will  ordinarily  be  necessary 
only  if  there  is  a departure  from  the  original  plan. 

Channels  Designed  for  a Peak  Rate  and  Selected  Frequency 

These  channels  are  planned  and  constructed  to  contain  the  peak  rate 
of  runoff  for  a design  flood  of  a given  frequency.  The  hydrology 
for  this  type  of  channel  involves  estimates  of  local  runoff  for  the 
design  frequency  and  flood  routing  through  the  channel  system. 

The  method  of  determining  runoff  and  flood  hydrographs  from  sub- 
watersheds for  the  desired  frequency  can  be  selected  from  those  des 
cribed  in  NEH,  Section  4,-^-'  Chapters  5,  10,  16  and  18.  Chapter  5 
describes  the  use  of  stream  flow  data  for  estimating  the  rate  of 
discharge.  Chapter  10  covers  "Estimation  of  Direct  Runoff  from 
Rainfall,"  for  cases  where  stream  flow  data  are  not  available  or 
adequate.  Rainfall  amounts  for  selected  frequencies  and  durations, 
as  found  in  the  Weather  Bureau's  Technical  Paper  No.  40,  Rainfall 
Frequency  Atlas  of  the  United  States  are  generally  adequate  to 
provide  a basis  for  an  estimate  of  direct  runoff  from  a specified 
area.  Chapter  16  of  NEH,  Section  4,22/  covers  development  of 
hydrographs,  and  Chapter  18  describes  statistical  methods  for 
determining  the  frequency  of  flood  events. 
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TABLE  4-1 


Flood  Routing  Required 

by  Pro J 

ect  Purpose 

Investigational 

Containment  of 

Removal  of  a 

Open 

Procedure 

a Peak  Rate  of 

Volume  of 

Ditchl_/ 

Runoff  of 

Runoff  Within 

Specified  Freq . 

a Time  Limit 

Drainage 

1. 

Determination  of  design 
discharge 

Channel  2/ 

None 

None 

2. 

Economic  evaluation  of 
flood  damage  reduction 

a.  Based  on  percent 

Channel  and 

Channe 1 and 

None 

chance  of  occurrence 

overbank  3/ 

overbank 

b.  Based  on  drainage 

None 

None 

None 

criteria 

3. 

Determination  of  effects 

Channel  and 

Channel  and 

Channel  and 

of  program  on  downstream 
flood  peaks 

overbank 

overbank 

overbank  4/ 

1/  Open  ditch  for  either  surface  or  subsurface  drainage. 

2/  Channel  routing  indicates  that  only  storage  characteristics  of 
channel  are  considered  in  routing  computations. 

.3/  Channel  and  overbank  routing  indicates  that  storage  characteristics 
of  both  channel  and  overbank  areas  are  considered  in  routing 
computations . 

4/  Open  ditch  channels  are  frequently  designed  from  drainage  criteria 

which  only  deals  with  peak  rates  of  runoff.  If  a routing  is  required, 
design  hydrographs  must  be  developed. 

The  "Convex"  routing  method  described  in  NEH,  Section  4,  Chapter  17,11/ 
is  appropriate  for  establishing  the  design  flood  discharge  capacity. 

The  permissible  mean  velocity,  channel  reach  length  and  the  hydrograph 
of  inflow  to  the  reach,  are  required  for  channel  routing. 

A check  should  be  made  in  every  case  to  determine  if  the  channel  will 
be  carrying  ground-water  flow.  If  so,  an  estimate  of  the  discharge 
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rate  of  ground-water  flow  should  be  added  to  the  design  capacities, 
computed  above.  NEH,  Section  4,~'  Chapter  6,  describes  the  separa- 
tion of  ground-water  flow  from  surface  flow  of  recorded  flow  data. 

Channels  Designed  to  Remove  a Volume  of  Runoff  Within  a Specified 
Time  Limit 

The  function  of  these  channels  is  to  remove  the  volume  of  runoff 
causing  overbank  flooding  within  a period  of  time  that  will  prevent 
damage.  The  required  discharge  capacity  may  be  calculated  by  the 
empirical  procedure  described  in  NEH,  Section  16,—' ' Chapter  6. 

These  procedures  are  adapted  primarily  to  locations  where  comparatively 
level  land  area  is  substantial  with  respect  to  the  watershed  area, 
where  watershed  boundaries  are  difficult  to  delineate,  where  it  is  not 
necessary  to  flood  route  and  where  channels  designed  on  similar  sites 
have  provided  adequate  protection.  It  may  also  be  based  on  a design 
flood  of  a given  frequency. 

Drainage  Capacity  Related  to  Frequency 


General 


It  is  sometimes  necessary  to  estimate  the  frequency  of  protection 
provided  by  a channel  designed  by  drainage  criteria.  The  frequency 
may  be  related  to  either  a peak  discharge  or  a design  flood  volume 
for  a specified  time  interval. 

Drainage  Capacity  Related  to  Annual  Flood  Peak  Frequency 

The  frequency,  equivalent  to  drainage  criteria,  may  vary  between 
individual  reaches  and  should  be  estimated  for  each  reach.  The  flood 
frequency  equivalent  may  be  obtained  by  the  following  procedure  from 
NEH,  Section  4. 

1.  If  stream  flow  data  are  available,  the  annual  flood  peaks, 
minus  ground-water  flow,  may  be  related  to  frequency  by  the 
procedure  described  in  Chapter  18.  Since  the  bankfull  capacity 
of  the  channel  can  be  computed,  this  discharge  can  be  related 
to  the  frequency  curve  developed  from  annual  flood  peaks . 

Average  ground-water  discharge  that  the  channel  will  carry  may 
be  estimated  by  procedure  described  in  NEH,  Section  4.1Z/ , 

Chapter  6. 

2.  If  stream  flow  data  are  not  available,  the  annual  flood  may  be 
estimated  from  rainfall.  Obtain  rainfall  amounts  for  selected 
storm  durations  from  Weather  Bureau  Technical  Paper  No.  40.12/ 
Select  two  or  more  storm  frequencies  that  will  encompass  the 
design  channel  capacity  in  all  reaches.  For  each  selected 
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rainfall  frequency,  compute  the  volume  of  direct  runoff,  develop 
subwatershed  hydrographs,  and  flood  route  through  channel 
reaches.  Plot  the  routed  peak  discharge  versus  volume  of  run- 
off in  equivalent  inches  of  depth  over  the  watershed  area  for 
the  selected  frequencies,  for  each  reach.  See  Figure  4-1. 

The  plotted  points  are  described  by  a straight  line  originating 
at  zero.  The  selected  frequencies  are  shown  for  their  res- 
pective volume  of  runoff.  The  heavy  dash  lines  with  arrows 
indicate  entering  the  graph  with  the  given  design  discharge 
for  each  reach  and  reading  the  volume  of  runoff.  The  volume 
of  runoff  will  in  turn  relate  to  a specific  storm  frequency. 

This  is  the  storm  frequency  at  which  the  peak  discharge  can 
be  contained  below  a damaging  stage. 

Drainage  Capacity  Related  to  Flood  Volume  Frequencies 

A procedure  for  determining  the  frequency  of  a flood  volume  that 
can  be  removed  from  the  overbank  areas  by  channels  with  a 
capacity  based  on  drainage  criteria,  involves  the  following 
assumptions : 

1.  On-farm  drainage  and  tributary  laterals  have  been  constructed 
with  outlets  into  the  designed  channel. 

2.  The  volume  of  storage  in  the  channel  network  is  negligible. 

3.  The  overbank  areas  are  broad  and  almost  flat  wherein  the  var- 
iation in  the  overbank  stage  with  respect  to  time  is  rela- 
tively small. 

Analysis  with  stream  flow  data.  - — When  stream  flow  data  are 
available,  a volume-duration-frequency  analysis  should  be  made. 
Volume-duration-frequency  analyses  have  been  provided  to  many 
states  for  streams  with  drainage  areas  under  1,000  square  miles, 
by  the  Central  Technical  Unit,  Hydrology  Branch,  Washington 
office,  and  should  be  used  when  available.  This  analysis  can  be 
made  according  to  procedure  contained  in  NEH,  Section  417/ } Chapter 
18.  The  analysis  can  be  made  for  any  duration;  however,  a dura- 
tion of  24  hours  will  be  used  for  comparison.  Volume -duration- 
frequency  curves  are  shown  for  24,  48,  and  72 -hour  durations  in 
Figure  4-2. 

Using  the  dimensions  of  the  proposed  channel,  compute  the  discharge 
rate  for  the  average  overbank  stage  of  flooding  for  each  reach. 

This  computation  can  best  be  made  at  road  crossings  or  other 
control  points  where  the  outflow  is  confined  to  the  new  channel. 

The  average  overbank  flood  stage  can  usually  be  estimated  within 
10  percent  at  properly  selected  points  such  as  this.  Estimate 
the  average  rate  of  discharge  out  of  the  reach  by  the  slope— area 


Volume  in  C.  F S.  - Days 
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Runoff  Depth  in  Inches 


FIGURE  4-1 

ROUTED  PEAK  DISCHARGE  VERSUS 
AVERAGE  DEPTH  OF  RUNOFF, BY  REACH 


Reach  2 


Reach  / 


FIGURE  4-2 

VOLUME  DURATION  FREQUENCY  ANALYSES 
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method.  This  rate  of  discharge  multiplied  by  24  hours  equals  the 
flood  volume  removed  in  cfs-day  units.  This  flood  volume  is  compared 
with  the  24-hour  volume-duration-frequency  curve  from  stream  flow 
data  to  determine  the  frequency  equivalent  of  the  design  drainage 
capacity.  (See  Figure  4-2.) 

The  frequency  equivalent  may  be  expressed  for  either  of  two  situations. 
In  many  northern  states  it  may  refer  to  the  winter  and  spring  snow- 
melt season  or  to  the  summer  rain-storm  season. 

Analysis  without  stream  flow  data.  - - Where  stream  flow  data  are 
not  available,  the  volume-duration-frequency  curves  for  a 24-hour 
period  may  be  derived  from  Weather  Bureau  rainfall  data.  The 
Weather  Bureau's  Technical  Paper  No.  40^-'  contains  maps  showing 
the  amount  of  rainfall  expected  to  occur  during  a 24-hour  period 
for  various  frequencies.  This  may  be  converted  to  runoff  depth  in 
inches  by  the  procedures  in  NEH,  Section  4 .12/,  Chapter  10.  The 
volume  of  runoff  may  be  converted  to  cfs-days  by  the  following 
conversion  factor: 

Inches  depth  ~r  0.03719  = cfs-days  per  square  mile 

Volume  in  cfs-days  plotted  versus  frequency  provides  a graph  similar 
to  Figure  4-2.  Precipitation  amounts  for  durations  longer  than  24 
hours  may  be  obtained  from  an  analysis  of  individual  precipitation 
records  or  by  an  extrapolation  on  log  paper  if  this  has  proven  to 
be  valid  in  the  area  under  consideration.  The  required  frequency 
equivalent  for  a channel  designed  by  drainage  criteria  can  be  ob- 
tained in  a manner  similar  to  that  for  gaged  data.  See  U.  S. 

Weather  Bureau  TP-49,  Two- to -Ten-Day  Precipitation  for  Return 
Periods  of  2 to  100  years  in  the  United  States. 

This  method  is  limited  to  channels  with  drainage  areas  less  than 
400  square  miles. 


CHAPTER  5.  CHANNEL  LOCATION,  ALIGNMENT  AND 
HYDRAULIC  DESIGN 


Location  & Alignment 

Channel  alignment  is  an  important  feature  of  channel  design.  It 
should  be  selected  with  careful  consideration  given  to  all  factors 
affecting  its  location,  including  an  economic  comparison  of  alter- 
nate alignments.  The  economic  analysis  should  include  all  costs 
such  as  channel  construction,  rights-of-way,  bridges,  stabilizing 
measures  and  maintenance. 

Many  factors  affect  the  planned  alignment  of  a channel.  Topography, 
the  size  of  the  proposed  channel,  the  existing  channel,  tributary 
junctions,  geologic  conditions,  channel  stability,  rights-of-way, 
existing  bridges,  required  stabilization  measures,  farm  boundaries, 
land  use,  and  other  physical  features  enter  into  this  decision. 

The  shortesc  alignment  between  two  points  may  provide  the  most 
efficient  hydraulic  layout  but  it  might  not  meet  all  the  objectives 
of  the  channel  improvement  or  give  due  consideration  to  the  limita- 
tions imposed  by  certain  physical  features.  The  shortest,  well 
planned  alignment  should  be  used  in  flat  topography  if  geologic 
conditions  are  favorable  and  if  physical  and  property  boundaries 
permit . 

Alternate  alignment  should  be  considered  in  areas  where  geologic 
conditions  present  a stability  problem.  An  alternate  alignment  may 
locate  the  channel  in  more  stable  soils.  In  some  cases,  the  align- 
ment of  the  existing  channel  may  be  satisfactory  with  only  minor 
changes.  An  alignment  resulting  in  a longer  channel  may,  in  a 
minor  degree,  help  to  alleviate  stability  problems.  A longer  channel 
will  decrease  the  energy  gradient  which,  in  turn,  will  decrease  the 
velocities  and  tractive  forces.  A meander  channel  will  increase 
Manning's  coefficient  "n"  which  will  reduce  velocities.  A meander 
channel,  however,  presents  the  problem  of  erosion  at  the  curves  in 
the  channel  which,  in  erosive  soils,  may  require  structural  protection 
such  as  jetties,  riprap,  brush  maps,  etc.  Suggested  minimum  radii 
of  curvature  are  cited  in  NEH,  Section  162./,  chapter  6,  for  channels 
of  indicated  size  and  gradient.  Guidance  for  alignment  consideration 
in  design  of  higher  velocity  channels  is  presented  later  in  this 
chapter  under  Supercritical  Flow.  When  alternate  alignments  and 
designs  are  not  feasible,  or  do  not  assure  a stable  channel, 
stabilization  structures  should  be  included  in  the  design.  Such 
structures  are  discussed  in  a later  section  of  this  chapter. 


5-2 


Where  feasible,  the  alignment  should  be  planned  to  make  use  of 
existing,  adequate  bridges  and  road  structures  which  have  many 
years  of  remaining  life.  From  a technical  standpoint,  bridges 
and  road  structures  in  poor  condition  should  not  influence  the 
alignment.  Care  should  be  exercised  to  minimize  cases  of  iso- 
lating parts  of  fields  from  the  rest  of  the  farm,  but  good 
alignment  should  not  be  sacrificed  to  follow  all  farm  boundaries. 
Long  reaches  of  channel  should  be  located  in  the  low  areas, 
particularly  where  drainage  is  a problem.  Long  tangents  should 
be  used  wherever  possible.  In  meander  channels,  good  alignment 
should  not  be  sacrificed  to  use  the  maximum  amount  of  the  old 
channel . 

The  above  discussion  on  alignment  deals  with  subcritical  flow 
only.  Supercritical  flow  requires  consideration  of  some  of  the 
most  complex  problems  in  hydraulics  and  may  require  model  studies 
for  a basis  of  design  criteria.  A discussion  on  supercritical 
flow  may  be  found  in  NEH,  Section  5iL2/. 

Hydraulic  Design 

Criteria  and  procedures  for  hydraulic  design  of  all  types  of 
channels  are  presented  for  subcritical  and  supercritical  flow 
conditions . 

Subcritical  Flow 


Design  procedures  for  subcritical  flow  conditions  for  a limited 
range  of  functional  and  hydraulic  conditions  commonly  encountered 
in  agricultural  drainage  work  are  described  in  NEH,  Section  16^2  t 
Chapter  6.  The  following  procedures  apply  to  all  conditions  of 
subcritical  flow: 

Step  1.  - - Determine  the  design  discharge  for  all  channel  reaches. 
Use  methods  given  in  Chapter  4.  Where  overbank  flow  contributes 
a significant  amount  of  water,  it  is  best  to  assume  that  the 
discharge  changes  abruptly  at  arbitrary  points  within  the  channel 
reach  and  that  the  discharge  remains  constant  between  these 
points.  As  a guide  to  selection  of  these  arbitrary  points,  Q 
should  not  be  decreased  more  than  10  percent  at  any  such  point. 

As  an  example,  consider  a 10,000-foot  reach  of  channel  with  over- 
bank flow  and  no  significant  tributaries.  Q = 3000  cfs  at  the 
downstream  end  and  2000  cfs  at  the  upper  end.  Here  it  would  be 
logical  to  reduce  Q by  200  cfs  increments  at  each  of  four  evenly 
spaced  points  within  the  reach.  (The  last  200  cfs  reduction  would 
be  at  the  upstream  end  of  the  reach.) 
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Step  2.  - - Determine  the  water  surface  elevation  at  the  downstream 
end  of  proposed  construction.  (Assuming  that  the  approximate  channel 
alignment  has  already  been  set.)  The  method  for  determining  this 
water  surface  elevation  varies  with  the  outlet  condition: 

1.  Water  stages  in  the  outlet  are  independent  of  channel  discharge. 
For  this  condition  it  is  necessary  to  have  stage  data  on  the 
outlet  stream  or  tidal  outlet.  Two  water  surface  profiles  must 
usually  be  run  on  the  tributary  channel — -one  with  the  water  sur- 
face at  the  outlet  at  the  highest  possible  elevation  within  the 
design  flood  frequency  to  insure  capacity,  and  one  with  the  water 
surface  at  the  lowest  level  within  the  above  limitation  to  insure 
channel  stability  with  the  resulting  increased  velocity. 

2.  Outlet  is  at  a control  point  where  critical  flow  exists.  In  this 
case,  the  control  point  establishes  the  water  surface  elevation 
at  critical  depth. 

3.  Outlet  is  at  a point  in  the  stream  where  the  water  surface  can  be 
established.  In  this  case,  where  the  downstream  channel  is  pris- 
matic, the  water  surface  elevations  at  the  outlet  to  the  improved 
reach  may  be  established  by  the  methods  outlined  in  T.  R.  15,  or 
by  an  assumption  of  uniform  flow  at  that  point  if  the  downstream 
prismatic  channel  is  sufficiently  long  and  is  not  affected  by 
grade  changes . 

In  the  event  that  the  downstream  channel  is  non-prismatic , it  will 
be  necessary  to  begin  water  surface  profile  calculations  at  a 
point  considerably  downstream  using  the  methods  outlined  in 
T.  R.  14  or  NEH,  Section  5^-^,  Supplement  A,  to  determine  the 
water  surface  elevation  at  the  starting  point  for  construction. 

Step  3.  - - Establish  the  water  surface  control  line  by  the  methods 
outlined  in  Chapter  6,  NEH,  Section  . Such  a control  line  is 

helpful  in  establishing  a desirable  hydraulic  grade  line  and  sub- 
sequently, the  design  invert  grade.  In  setting  the  hydraulic  control 
line,  consideration  must  be  given  to  freeboard  requirements  and, 
where  applicable,  to  additional  depth  required  for  superelevation 
of  the  water  surface  and  flow  in  the  unstable  range. 

Freeboard  is  defined  as  the  additional  channel  depth  required  for 
safety  above  the  calculated  maximum  depth  of  water.  Freeboard  is 
exclusive  of  additional  depth  computed  for  superelevation  or  tur- 
bulence in  the  unstable  range.  Freeboard  for  trapezoidal  channels 
at  sub-critical  flow  should  be  equal  to  or  greater  than  20%  of  the 
depth  at  design  discharge  but  not  less  than  one  foot.  (10%  is 
satisfactory  for  rectangular  lined  channels  at  sub-critical  flow.) 
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In  closely  controlled  irrigation  canals  or  channels  where  overbank 
flooding  is  permissible  at  frequent  intervals,  the  above  freeboard 
criteria  may  be  disregarded. 

Where  possible,  it  is  advisable  to  keep  the  design  water  surface 
below  the  level  of  natural  ground.  There  is  usually  no  objection 
to  containing  the  freeboard  in  fill.  Occasionally,  such  a great 
saving  can  be  accomplished  by  containing  part  of  the  design  dis- 
charge in  fill  over  low  areas  in  the  profile  that  it  is  economical 
to  do  so  even  at  the  expense  of  close  construction  control  on  the 
dike . 

Curve  radii  should  be  sufficiently  great  to  limit  superelevation 
of  the  water  surface  to  one  foot  above  computed  depth  of  flow  or 
107o  of  water  surface  width,  whichever  is  the  least. 

The  amount  of  superelevation  may  be  determined  as  follows  for 
subcritical  flow  in  trapezoidal  channels: 

s = V2  (b  + 2 zd) 

2 (gR  - 2zV2) 

where  the  terms  are  as  defined  in  the  glossary. 

Channels  whose  energy  gradients  at  design  flow  have  a slope  at  or 
near  critical  (0.7sc<^ sc ^ 1 ,3sc)  will  require  additional  depth  as 
follows : 


where  the  terms  are  as  defined  in  the  glossary. 

The  above  criterion  applies  to  flows  with  velocities  slightly 
greater  than  critical  as  well  as  to  sub-critical  flow  in  the 
unstable  range.  Where  possible,  grades  and/or  cross  sections 
should  be  adjusted  to  avoid  the  unstable  range. 

Step  4.  - - Select  values  of  Manning's  coefficient  "n" . The 
estimation  of  realistic  values  of  the  roughness  coefficient  "n" 
is  an  important  factor  in  channel  design.  The  value  "n"  indicates 
the  net  effect  of  all  factors,  except  grade  and  hydraulic  radius, 
causing  retardation  of  flow  in  the  reach  of  channel  under 
consideration.  The  estimation  of  "n"  warrants  critical  study  and 
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judgement  in  the  evaluation  of  the  factors  affecting  its  value.  The 
primary  factors  are:  irregularity  of  the  surfaces  of  the  channel 

sides  and  bottom,  variations  in  shape  and  size  of  cross  sections, 
obstructions,  vegetation,  and  alignment  of  the  channel. 

A systematic  procedure  for  the  estimation  of  "n"  values  is  contained 
in  NEH,  Section  5^-'  , Supplement  B.  This  procedure  should  be  used 
and  supplemented  by  any  other  applicable  data. 

Table  1 in  SCS-TP-61  HJ  lists  a range  of  "n"  values  for  various 
channel  linings  and  conditions,  and  contains  a method  of  estimating 
"n"  values  for  various  vegetal  linings. 

The  design  capacity  of  a channel  should  be  based  on  the  "n"  value 
anticipated  after  the  channel  has  aged,  giving  consideration  to  the 
degree  of  maintenance  that  can  reasonably  be  expected.  When  stability 
is  in  question,  the  stability  of  the,  channel  should  be  checked  with 
the  "n"  value  anticipated  immediately  after  construction. 

Step  5.  - - Determine  the  allowable  side  slopes  by  procedures  given 
in  Chapter  6 of  this  guide  or  NEH,  Section  16,  Chapter  6,  if  appli- 
cable . 

Step  6.  - - Determine  allowable  velocities  or  tractive  forces  for  the 
various  reaches,  depending  on  which  procedure  is  to  be  used  to  check 
channel  stability  against  flowing  water.  These  values  will  need  to 
be  considered  when  selecting  channel  sizes  and  slopes  in  step  7.  Use 
procedures  given  in  Chapter  6 of  this  guide.  Since  the  depth  of  flow 
is  required  for  use  in  both  the  velocity  and  tractive  force  proced- 
ures, this  step  will  have  to  be  done  concurrently  with  step  7. 

Step  7.  - - Determine  the  size  and  shape  of  channel  needed.  Since 
the  side  slopes  have  been  determined  by  other  considerations,  the 
design  problem  becomes  the  determination  of  the  required  depth  and 
bottom  width. 

Trial  cross  sections  may  be  selected  by  assuming  uniform  flow  condi- 
tions and  solving  for  the  depth  or  width  by  using  Manning's  equation. 
Several  combinations  of  depth  and  width  should  be  evaluated. 

Generally,  the  most  economical  channel  will  be  one  in  which  the 
hydraulic  grade  line  approaches  the  water  surface  control  line 
determined  in  step  2.  When  this  is  planned,  the  slope  of  the  water 
surface  control  line  may  be  used  as  the  value  of  s in  Manning's 
formula.  The  depth  of  flow  determined  for  the  reach  will  give  the 
position  of  the  channel  bottom.  The  slope  of  the  channel  bottom 
may  be  made  parallel  to  the  water  surface  control  line.  If  care  is 
used  in  selecting  the  proportions  of  the  cross  section,  only  a 
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slight  change  in  depth  of  flow  or  in  bottom  width  at  the  ends  of 
each  reach  will  result.  For  the  above  condition,  the  effect  of 
transitions  on  the  water  surface  profile  will  be  small  and  for 
all  practical  purposes  the  water  surface  control  line  becomes  the 
true  water  surface  profile  for  the  channel.  (See  Fig.  6-13,  NEH, 
Section  162/) 

Step  8.  - - Compute  the  water  surface  profile  for  the  best  apparent 
cross  section.  Hydraulic  design  methods  outlined  in  NEH,  Section 
16—/,  Chapter  6 are  based  on  the  assumption  that  Manning's  formula 
defines  the  slope  of  the  hydraulic  gradient.  This  assumption  is 
valid  for  channels  where  changes  in  velocity  head  from  one  reach 
to  the  next  are  insignificant,  and  will  provide  a short  cut  to 
water  surface  profile  calculations. 

The  generally  accepted  method  of  computing  the  water  surface 
profile  is  outlined  in  T.  R.  15.  Water  surface  profiles  must 
begin  at  the  downstream  end  of  the  work  and  proceed  upstream. 

Where  reaches  are  long,  the  upstream  part  of  the  reach  will 
usually  approach  a condition  of  uniform  flow. 

Often,  the  completed  water  surface  profile  will  point  up  the  need 
for  reproportioning  the  cross  section  to  provide  more  capacity  or 
more  economy.  Usually  an  adequate  and  economic  cross  section  may 
be  arrived  at  within  two  trial  solutions. 

Curves  in  alignment.  - - Often  it  is  necessary  to  re-evaluate 
curves  in  earth  channels  after  the  hydraulic  design  is  otherwise 
complete.  With  velocities  known  it  is  possible  to  determine 
the  minimum  curve  radius  permissible  without  protection,  as  out- 
lined under  "Channel  Stability."  The  decision  between  complying 
with  this  minimum  radius  and  shortening  the  radius  and  providing 
rock  riprap  bank  protection  on  the  curve  then  becomes  a matter 
of  economics.  Cost  of  right-of-way,  severance  or  structure  removal 
may  be  greater  than  the  cost  of  protecting  a tight  curve.  In  very 
flat  topography  (so<0.001  ft. /ft.)  Table  6.1,  NEH  Section  162/, 
may  be  used  to  determine  minimum  radius  of  unprotected  curves. 

Side  drainage.  - - Major  tributaries  on  which  work  is  to  be  done 
as  a part  of  the  project  are  usually  brought  in  at  channel  invert 
grade.  Water  surface  profiles  above  the  junction  on  both  tribu- 
taries may  be  calculated  as  stated  above. 

Minor  tributaries  are  usually  brought  in  at  an  elevation  above 
the  channel  invert.  The  channel  bank,  thus  exposed,  must  be  pro- 
tected by  rock  riprap,  concrete,  pipe  over-pour  or  other  methods. 
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Overland  flow  entering  the  channel  should  be  concentrated  where  possi- 
ble and  brought  in  at  selected  locations.  Where  it  is  not  practical 
to  concentrate  such  flow,  the  channel  bank  should  be  protected  or 
vegetated,  unless  the  soil  materials  are  sufficiently  resistant  to 
the  erosive  forces  applied  to  remain  stable. 

Where  low  areas  must  be  drained  into  the  channel,  it  may  be  necessary 
to  install  conduits  through  a dike  and  attach  automatic  drainage  gates 
to  the  conduits  to  prevent  outflow  from  the  channel. 

Channel  entrance.  - - Flood  channels  are  usually  terminated  at  the 
upstream  end  where: 

1.  The  discharge  is  sufficiently  small  that  the  existing  facility  has 
adequate  capacity,  or 

2.  The  benefits  from  additional  length  of  channel  improvement  will  not 
justify  the  cost  thereof. 

In  the  former  case,  the  work  may  usually  be  terminated  by  a simple 
transition  from  the  constructed  channel  to  the  existing  channel. 
Occasionally  it  will  be  necessary  to  install  a drop  spillway  structure 
to  reconcile  the  grade  difference. 

In  the  latter  situation,  it  may  be  necessary  to  construct  wing  dikes 
to  collect  the  upstream  flow  and  concentrate  it  into  the  constructed 
channe 1 . 

Earth  channels  with  grade  control  structures.  - - This  type  of  pro- 
tection is  particularly  satisfactory  where  existing  channels  have 
plenty  of  capacity. 

Energy  gradient  is  controlled  by  proportioning  the  weir  notch  so  that 
the  head  necessary  to  operate  the  weir  at  design  discharge  corresponds 
to  the  uniform  flow  depth  upstream  from  the  structure,  thus  defining 
the  water  surface  profile.  In  this  case,  energy  dissipation  is 
accomplished  at  the  structures  by  changing  part  of  the  horizontal 
velocity  to  vertical  and  dissipating  the  vertical  velocity  head  in  the 
plunge  pool.  Drops  that  are  exceptionally  low  in  relation  to  tailwater 
(particularly  submerged  drops)  are  likely  to  be  inefficient  and  their 
basins  must  be  quite  long  to  accomplish  energy  dissipation. 

Three  types  of  drop  spillway  structures  are  commonly  used  in  Service 
work: 

1.  Type  B Drop  Spillway 

2.  Type  C Drop  Spillway 

3.  Box  Inlet  Drop  Spillway 
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Criteria  for  the  design  of  Type  B and  Type  C drops  may  be  found  in 
NEH  Section  llit/  Type  B drops  have  shorter  basins,  are  not  so 
deeply  buried,  and,  consequently,  are  cheaper  where  hydraulic  con- 
ditions permit  their  use.  Type  B structures  are  not  designed  for 
submergence  or  high  tailwater  to  fall  relationships. 

The  Type  C structure  is  more  tolerant  of  high  tailwater  and  submer- 
gence, but  must  be  longer  and  more  deeply  buried  below  the  down- 
stream channel  invert. 

Criteria  for  the  design  of  the  Box  Inlet  drop  spillway  may  be  found 
in  SCS-TP-106^-/ . This  structure  is  useful  when  a long  weir  crest 
is  needed  in  a relatively  narrow  channel,  when  deep  excavation 
would  be  difficult  and  expensive,  when  a sizable  pool  in  the  basin 
would  constitute  a health  hazard,  and  on  high  drops  where  potential 
sliding  constitutes  a stability  problem. 

Lined  channels.  - - Rock,  concrete  or  other  trapezoidal  lining  is 
usually  provided  for  channels  at  subcritical  flow  where  velocities 
are  sufficiently  great  that  the  bottom  and  banks  of  an  unprotected 
channel  would  be  unstable.  When  velocities  are  supercritical,  rock 
lining  will  usually  be  uneconomical  because  of  the  large  size  rock 
and  thick  section  required  for  stability. 

Hydraulic  design  procedure  is  similar  to  that  for  unprotected 
earth  channels.  Additional  depth  may  be  required  on  curves  because 
of  superelevation  of  the  water  surface. 

Because  of  the  relatively  high  cost  of  rock  and  filter  blanket  or 
other  lining  material,  it  is  best  to  design  for  maximum  hydraulic 
radius  within  limits  of  available  depth,  bank  stability  and 
reasonable  excavation  equipment  width. 

Earth  channels  with  bank  protection  only.  - - This  type  of  pro- 
tection is  used  when  unprotected  banks  would  be  unstable,  but  the 
bottom  is  naturally  erosion  resistant. 

Hydraulic  design  procedure  is  the  same  as  for  unprotected  ea£i:h 
or  rock-lined  channels  except  for  the  composite  friction  coeffi- 
cient . 

Supercritical  Flow 

Hydraulic  design  procedure  for  lined  channels  at  supercritical  flow 
may  differ  quite  radically  from  that  for  subcritical  channels. 

Here,  the  principal  concern  is  with  capacity  and,  within  limits, 
the  greater  the  velocity  the  more  economical  the  cross  section,  as 
all  supercritical  channels  not  excavated  in  rock  will  require  lining. 
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Although  the  procedure  for  the  selection  of  trial  cross  sections, 

alignment,  and  grade  is  similar  to  that  for  subcritical  channels, 

final  design  differs  in  the  following  ways: 

1.  Stability  against  erosion  is  no  longer  a factor,  having  been 
accomplished  by  mechanical  protection. 

2.  Side  inlets  for  small  discharges  can  usually  be  brought  in  at 
any  level  above  channel  grade  without  special  protection. 

3.  Junctions  for  channels  with  supercritical  flow  must  be  carefully 
designed.  Supplemental  model  studies  may  be  needed  if  the  pro- 
posed design  differs  radically  from  junctions  on  which  model 
study  information  is  already  available. 

4.  Superelevation  on  curves  is  an  important  factor  in  design. 

5.  Trapezoidal  sections  should  be  avoided  on  curves. 

6.  For  supercritical  flow,  water  surface  profiles  must  be  run  in 
a downstream  direction. 


Design  Procedure.  - - Trial  cross  sections  and  grades  may  usually  be 
selected  on  the  basis  of  uniform  flow  characteristics.  In  super- 
critical reaches  it  is  unlikely  that  changes  will  be  needed  when  the 
water  surface  profile  is  computed.  Curves  will  nearly  always  require 
additional  depth.  Superelevation  of  the  water  surface  may  be  deter- 
mined using  the  methods  described  below: 


1. 


For  rectangular  channels  at  subcritical  velocity,  or  at  super- 
critical velocity  where  a stable  transverse  slope  has  been 
attained  by  use  of  an  upstream  easement  curve  (spiral  easement 
or  compound  curve) . 


3V2b 

4gR 


(See  glossary) 


2.  Supercritical  velocity  - simple  curve. 

s = 1.2 

gR 

Location  of  the  first  point  of  maximum  depth  on  the  outside  wall 
may  be  determined  by  the  following  formula: 


9 = cos 


where  the  terms  are  as  defined  in  the  glossary. 


R - b 

2 

R + b 

2 


cos 


- £ 
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Either  spiral  easements  or  compound  curves  may  be  employed  to  reduce 
superelevation  in  accordance  with  the  following  criteria. 


3.  Compound  Curve  Criteria 


The  complete  curve  is  to  consist  of  three  sections;  a central 
section  with  radius  Rc  and  an  approach  and  terminal  section 
each  with  a radius  equal  to  twice  Rc . This  produces  a 
superelevation  in  the  zone  of  the  first  maximum  equal  to  one- 
half  the  normal  superelevation  produced  in  a simple  curve 
whose  radius  is  equal  to  that  of  the  central  section. 


R = 2 R 
t c 

The  length  of  each  transition  curve  in  terms  of  the  central 
angle 

-1  b 

9.  = tan  — u 

t Rt  tan  /3 

Compound  curves  shall  be  used  under  the  following  conditions: 


When  necessary  to  limit  superelevation  to  one  foot  allow- 
able maximum. 


When  two  successive  curves  occur  with  an  intervening 
tangent  less  than  1000'  in  length. 

4.  Spiral  Easement  Curve 


Such  easement  curves  other  than  the  constant  radius  trans- 
ition may  be  used  provided  that  a simple  disturbance  pattern 
is  produced,  and  the  maximum  wave  height  on  the  outside  wall 
at  the  beginning  of  the  curvature  of  the  main  curve  is  equal 
to : 


Trapezoidal  lined  channels  are  not  recommended  for  curved  align- 
ment at  supercritical  flow  because  of  the  difficulty  in  predicting 
wave  run-up  on  the  sloped  banks. 

Freeboard.  - - Minimum  freeboard  of  0.2  times  the  depth  should  be 
provided  for  rectangular  channels  at  supercritical  flow  and  0.25 
times  the  depth  for  trapezoidal  supercritical  channels. 
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Junction  structures.  - - Design  of  channel  junction  structures  has  not 
been  covered  in  any  standard  hydraulic  reference.  Specific  studies 
have  resulted  in  criteria  and  guidance  on  analysis  and  design  of 
elements  of  the  problem.  Model  study  may  be  necessary  to  confirm  or 
refine  design  of  important  structures. 

Model  study  of  confluences  has  made  evident  the  need  to  make  the 
junction  with  the  two  flows  as  nearly  parallel  as  possible.  This 
reduces  velocity  and  momentum  components  (which  cause  waves  normal 
to  the  direction  of  combined  flow)  to  a minimum. 

Having  accomplished  this , application  of  the  momentum  principle  to 
the  junction  will  provide  a reliable  analysis  for  design.  Further 
guidance  for  junction  design  is  contained  in  Fig.  5-1 . and  "Hydraulic 
Model  Studies  for  Whiting  Field  Naval  Air  Station,"  — ' prepared  by 
the  Soil  Conservation  Service. 

Channel  entrance.  - - Some  type  of  structure  with  weir  control  is 
needed  at  the  entrance  to  the  lined  section.  Such  a structure  may 
be  either  the  straight  weir  or  folded  weir  type.  Folded  weirs  require 
a drop  to  prevent  submergence. 

Transitions.  - - Simple  transitions  in  bottom  width  of  rectangular 
channels  may  usually  be  handled  by  limiting  the  angle  between  the 
transition  walls  to  ten  degrees  or  less.  Transitions  between 
rectangular  and  trapezoidal  sections,  particularly  where  the  trap- 
ezoidal section  is  in  earth,  are  more  complex.  The  attached  paper 
on  transitions  (see  Appendix  I)  has  been  used  in  the  design  of 
several  transitions  that  function  satisfactorily. 

Channel  outlet.  - - The  SAF  Basin  is  the  most  satisfactory  outlet 
structure  where  rectangular  R/C  channels  at  supercritical  flow  dis- 
charge into  an  earth  section.  It  is  also  permissible  to  use  a R/C 
transition  to  a trapezoidal  rock-lined  section.  The  rock  lining 
should  extend  a sufficient  distance  downstream  at  zero  or  very  low 
gradient  that  velocities  are  reduced  to  those  permissible  in  the 
earth  materials  in  the  bed  and  banks  of  the  channel. 

Bridges  and  Culverts.  - - Crossings  over  relatively  narrow,  rectangular 
R/C  channels  are  easily  accomplished  with  R/C  single  span  box  culverts. 
These,  when  bottom  slab  and  sidewalls  match  those  of  the  channel,  have 
no  hydraulic  effect.  This  is  also  true  for  clear  span  bridges  over 
rectangular  or  trapezoidal  channels.  Losses  caused  by  bridge  piers 
or  interior  walls  of  multiple  cell  box  culverts  may  be  determined  by 
the  momentum  method.  (See  Appendix  II) 
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NOMENCLATURE 


A • cross-sectional  area  of  water  prism 
b - base  width  of  channel  section 
c ■ constant  - see  Chart  A 

d ■ vertical  depth  of  water 

g - acceleration  due  to  gravity  (32.2) 

h ■ difference  in  invert  elevation  between  any  two  sections 
d - length  of  channel  reach 

n - coefficient  of  roughness  in' Manning's  formula 

pa  ■ average  wetted  perimeter  between  two  sections 

pm  - wetted  perimeter  at  middle  section 
Q • rate  of  discharge 

. Ra  - average  hydraulic  radius  between  two  sections 

- hydraulic  radius  at  middle  section 
r'  - radius  of  curve  to  centerline 
S - critical  slope  of  channel  Invert 
S » channel  invert  slope 

Va  - average  velocity  between  tro  sections 
Vm  - velocity  at  middle  section 

g m side  slope  of  trapezoidal  section  (horizontal  to 
vertical) 

0 ■ angle  of  merging  channels 

CX  • invert  slope  angle 
F ■ Proude  number 

Numerical  subscripts  refer  to  appropriate  channel  members. 


ft.4 

ft. 

ft.  * 
fps.2 
ft. 
ft. 


ft. 

ft. 

cfs. 

ft. 

ft. 

ft. 


fps. 

fps. 


deg. 

deg. 


TRAPEZOIDAL  CHANNELS 


Constant  Vldth 
Main  Channel 

Unequal  Width 
Main  Channel 


Si_  co.  «,+  (h.  + )eo.‘o<s  - co»  a,  + CO.  or,  CO.  e + (y-  + )(d‘  )c°»lc*,  + A»h  " - 

Sl_  co.  of,  + ( — + )co.lOfs«  co.  «,  + co.  Of2  co.  0 + + — )^df  ^co.2Of,  + (thi+gd^) 


Jn*V* 


.21  Ra 

V 


2.21  R^'s 


Hot.:  for  flow.  »t  .upercrltlcel  velocltfe.  th...  equation.  may  be  u.ad  only  for  prelimi- 

nary de.tgn.  Final  de.lgn  must  be  baaed  on  re.ulca  of  .upplemental  hydraulic  model  stud  lee. 


2.  RECTANGULAR  CHANNELS 


Constant  Width 
Main  Channel 

Unequal  Width 
Main  Channel 

SPECIAL  CASE 


Q 2* 
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Limiting  Criteria  - Rectangular  Channels 
Supercritical  Velocity  Plow  in  All  Branches. 


Constant  Width 
Main  Channel 


Unequal  Width 
Main  Channel 
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Height  of  splitter  wall 
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downstream  - 6"  min. 
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FIGURE  5-1 

HYDRAULICS  JUNCTION  STRUCTURES 


REFERENCE--  FLOW  ANALYSIS  AT  OPEN  CHANNEL 
JUNCTIONS;  U.S.C.E  - L.A.  1947 


APPENDIX  I TO  CHAPTER  5 


ON 


CHANNEL  PLANNING  AND  DESIGN 


TRANSITIONS 


Important  Transitions  Where  it  is  Necessary  to  Conserve  Head 

Circumstances  requiring  a change  in  channel  section  occur  frequently. 
The  crossing  of  roads,  the  changing  of  grades,  and  many  topographic 
conditions  provide  situations  where  acceleration  or  deceleration  of 
flow  is  necessary  to  meet  required  changes  of  cross  section. 

Adequate  design  of  transition  structures  to  provide  for  gradual 
changes  of  the  flow  section  is  important  because  at  such  places  the 
capacity  of  the  whole  system  is  frequently  determined.  Poor  trans- 
ition design  not  only  vitiates  good  channel  construction  but  may 
cause  undesirable  backwater  effects. 

Although  transition  design  is  based  on  the  Bernoulli  and  Continuity 
equations,  experience  plays  a very  significant  part.  Model  studies 
and  observations  of  many  actual  structures  have  indicated  several 
rules  to  be  followed.  They  are: 

1.  The  water  surface  should  be  smoothly  transitioned  to  meet  end 
conditions . 

2.  The  water  surface  edges  should  not  at  any  section  converge  at 
an  angle  greater  than  28°  with  the  center  line,  nor  diverge  at 
an  angle  greater  than  25°. 

3.  In  well  designed  transitions,  losses  in  addition  to  friction 
should  not  exceed  .10  hv  for  convergence  and  .20  hv  for  divergence. 

4.  In  general  it  is  desirable  to  have  bottom  grades  and  side  slopes 
meet  end  conditions  tangentially.  (Usually  this  rule  must  be 
violated  when  critical  depths  are  approached  going  from  an  earth 
channel  to  a lined  ditch.) 

To  outline  the  specific  steps  in  designing  a transition,  it  is 
desirable  to  reduce  Bernoulli's  equation  to  a more  convenient  form. 
Equation  (5.1-1)  reads 


V2  P 

l + l + ax 

2g  w 


v2  p 

2 + 2 + ^2  h.£ 

2g  W 


(Eq.  5.1-1) 
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If  the  flow  takes  place  on  sufficiently  flat  slopes  so  that  P 

P + Z 

equals  WY,  then  the  terms  y are  exactly  equal  to  the  elevation 

of  the  water  surface  for  all  elements.  If  a fall  of  surface 
downstream  is  taken  as  positive,  Bernoulli's  equation  becomes: 

^ W.S.  = h^  + hf  + impact  (Eq.  5.1-2) 

For  simplicity,  the  term  "impact"  is  used  as  a measure  of  losses 
due  to  change  in  direction  of  stream  lines  in  both  converging 
and  diverging  transitions.  In  a converging  transition,  these 
losses  are  truly  due  to  impact  as  stream  lines  impinge  against 
the  converging  walls.  In  a diverging  transition,  losses  are 
caused  primarily  by  eddy  currents  resulting  from  negative  pres- 
sures along  the  diverging  walls. 

In  relatively  short  transition  structures  the  ordinary  friction 
losses  given  by  the  Manning  formula  are  small  compared  with  the 
impact  losses  and  the  head  loss  in  the  transition  is  very  nearly 
.10/\hv  for  inlets  and  .20^1^  for  outlets.  Equation  (5.1-2) 
reduces  finally  to  ^W.S.  equals  l.lO^hy  for  inlets  and  ^W.S. 
equals  .80^  hv  for  outlets.  Friction  loss  must  be  considered 
for  long  transitions  and  for  velocities  in  excess  of  20  f ps . 

These  simple  relationships  assisted  by  the  continuity  equation 

q = al  Vj_  = A2  V2  (Eq.  5.1-3) 

form  the  basis  of  all  transition  design.  Detailed  steps  to  be 
followed  in  the  computation  follow. 

1.  From  the  quantity  of  flow  compute  the  velocities  and  velocity 
heads  at  the  end  sections. 

2.  Compute  the  overall  change  in  water  surface  from 
^W.S.  equals  1.10^  hv  (inlets) 

^W.S.  equals  .80^  hy  (outlets) 

(neglecting  ordinary  friction  loss) 

3.  Construct  a smooth  curve  to  represent  the  water  surface  having 
the  computed  change  in  elevation  and  tangent  to  the  surfaces 
at  the  ends.  Two  reverse  parabolic  curves  are  good.  However, 
any  smooth  curve  can  be  used. 
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4.  Mark  this  surface  curve  at  6 to  10  stations  (depending  on  the 
size  of  the  structure),  and  tabulate  the  total  ^W.S.  from  the 
beginning  of  the  transition  to  each  station.  The  distance 
between  these  stations  is  assumed  at  first  and  then  adjusted 
until  the  desired  conditions  are  reaches. 

5.  Compute  ^ from  ^ W.S.  or  ^W.S.  for  each  station  and 

1.1.0  0.80 

evaluate  each  and  V. 

6.  From  Q equals  AV,  obtain  the  cross  sectional  area  required  at 
each  section. 

7.  Assuming  a bottom  grade  line  to  meet  end  conditions,  list  depths 
at  each  station. 

A 

8.  Evaluating  the  average  width  from  d,  select  side  slopes  to  make 
the  water  surface  converge  smoothly  according  to  the  requirements 
of  rules  2 and  4.  If  this  cannot  be  done  by  adjustment  of  side 
slopes  along,  the  transition  may  be  lengthened,  the  bottom  grade 
line  changed  or  the  water  surface  may  be  varied.  A juggling  of 
these  controls  will  finally  produce  the  required  results. 

Care  should  be  taken  in  designing  the  transition  when  the  velocity 
goes  through  critical.  On  inlet  transitions  the  bottom  should  be 
raised  gradually  until  the  critical  depth  is  reached  and  just  beyond 
it  should  drop  as  fast  as  possible.  In  this  way  the  critical  depth 
is  very  unstable  and  unless  this  is  done  the  critical  depth  may  not 
come  at  the  computed  location  and  cause  improper  loading  in  the 
channel  below. 

It  Is  possible  to  design  an  outlet  transition  from  a subcritical  to 
a super  critical  depth  without  going  through  a hydraulic  jump,  but 
it  is  better  to  avoid  this  condition  if  possible. 


9.  To  allow  for  the  friction  loss,  compute  P and  R for  each  section 
and  compute  the  rate  of  friction  loss,  f,  for  flow  at  each 
section  from 


f 


2.208R 


4/3 


(Eq.  5.1-4) 


10. 


Then  the  friction  loss  between  any  two  sections  equals  the 
average  value  of  f for  the  two  sections  times  the  length  between 
sections . 
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11.  Then  the  water  surface  and  bottom  at  each  section  must  be 

dropped  an  amount  equal  to  the  summation  of  the  values  found 
in  step  10.  (From  the  beginning  to  the  point  in  question.) 

These  steps  are  illustrated  in  the  following  examples. 


Design  an  inlet  transition  from  an  earth  channel,  with  a discharge  of  314  C.F.S.,  bottom  width  18.0  feet, 
depth  4.30  feet,  side  slopes  2:1,  area  114.40  square  feet  and  a velocity  of  2.75  feet  per  second,  to  a rectangular 
concrete  lined  channel,  with  a width  of  12.5  feet,  depth  4.220  feet,  area  52.70  square  feet  and  a velocity  of  5.97 
feet  per  second.* 
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This  transition  was  taken  from  ’’Design  of  Important  Transitions,  not  Involving  Critical  Flow  or  the  Hydraulic  Jump 
by  Julian  Hinds,  from  "Transactions  of  the  American  Society  of  C.E."  Vol.  92,  Page  1430  et  seq. 
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FIGURE  5.I-! 

TYPICAL  TRANSITION  TO  RECTANGULAR  FLUME 
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FIGURE  5.I-! 

TYPICAL  TRANSITION  TO  RECTANGULAR  FLUME 


W.S.  in  Flume 


Design  an  inlet  transition  from  an  earth  channel  with  a discharge  of  200  C.F.S. , bottom  width  10.0  feet, 
depth  3.68  feet,  side  slopes  1-1/2: 1,  area  57.11  square  feet  and  a velocity  of  3.5  feet  per  second  to  a rectangular 
concrete  lined  channel  with  a width  of  5.17  feet,  depth  2.58  feet,  area  13.34  square  feet  and  a velocity  of  15.0 
feet  per  second. 
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By  plotting  it  was  found  a distance  of  4 ft.  between  stations  fit  the  desired  conditions 
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FIGURE  5.1-3 

TYPICAL  OUTLET  TRANSITION 


Q ~ 200  c.  f s 

Upstream  Dow  nstream 

3*0.0072'/.  n = 0. 0/2  s ^0.0044  '/.  n *0.012. 

V = /3.J3  /sec.  h\.*Z,700’  V : 10.77  '/sec.  Ev  * 1,800' 
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AW.5.  = | 

In  general,  it, 
energy  of  ftow 
mediate  sect/Ch 
transition  must 
by  Formula  7. 

; are  computed  fi 
sectional  areas 
mat  to  the  botto, 
than  vertical  s< 
computations  fc 
line  are , in  yen 
( error  similar  i 
the  method  of  c< 
put  my  flow  in 
non- pnsmat  ic 
chutes. 
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FfGURE  5.*-4 

TYPICAL  INLET  TRANSITION  TO  PIPE  LINE 


■*-£ 


AW.5.--  K 

In  general,  the  specific 
energy  of  flow  a t inter- 
mediate sections  of  the  , , 

transition  must  be  computed^  ' 
by  Formula  7.  Velocities 
'■  are  computed  from  cross- 
sectional  areas  taken  nor- 
mal to  the  bottom  rather 
than  vertical  sections.  The 
computations  for  the  IMS. 
line  are,  in  general,  by  trial 
( error  simitar  to 
the  method  of  com 
puting  flow  in 
non- prismatic 
chutes. 


SECTION  AA 


SECTION  B 0 


SECTION  CC 


SECTION 


This  type  of  transition  is  used  where  it  is  necessary  to 
develop  the  maximum  or  near  maximum  capacity  of  the 
pipe  line  at  the  tower  end  of  the  transition  > or  where 
normal  flow  m the  pipe  line  is  at  partial  depth  hut  not 
enough  head  can  be  used  at  the  transition  tc  develop  full 
norma / velocity  for  the  pipe.  In  the  latter  case,  the  trans- 
ition may  be  set  to  deliver  the  water  to  the  entrance  of  the 
pipe  at  full  diameter  and  allowing  !he  wafer  to  accelerate 
in  the  pipe. 

In  general,  the  length  of  this  type  of  transition  is 
governed  by  ease  of  construction  ; re,  the  slope  of 
bottom  can  nef  be  made  loo  sleep. 

If  enough  head  is  available  to  deliver  i he  wafer  io 
ihe  pipe  at  about  mid-  diameter  or  less , the  transition 
may  be  wanped  to  a U-shaped  section  at  the  p'pe  en- 
trance rather  than  the  full  round  section 
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Less  Important  Transitions 

This  type  of  design  is  used  when  head  is  not  at  a premium. 

The  elevation  of  the  water  surface  at  each  end  is  known.  No  attempt 
is  made  to  trace  out  the  water  surface  curve  at  intermediate  points. 
The  sides  are  straight  lines  and  can  be  made  vertical  when  going 
from  an  earth  channel  to  a rectangular  or  circular  section  and  vice 
versa.  If  the  side  slopes  of  the  two  sections  are  different,  they 
should  be  gradually  warped  to  meet  the  end  conditions.  The  bottom 
should  be  laid  in  tangent  to  the  grade  at  each  end. 

In  the  absence  of  more  specific  knowledge  the  length  of  the  transi- 
tion should  be  such  that  a straight  line  joining  the  flow  line  at 
the  two  ends  of  the  transition  will  make  an  angle  of  about  12  1/2° 
with  the  axis  of  the  structure. 

Neglecting  friction  the  losses  can  be  taken  as  0.15^  hv  for  inlet, 
and  0.25^  h^  for  outlet  transitions. 

In  transitioning  from  an  earth  channel  to  a lined  channel  with  a 
velocity  greater  than  the  critical,  the  earth  channel  should  be 
contracted  at  the  entrance  to  the  transition  sufficient  to  develop 
critical  depth,  and  not  develop  scouring  velocities  above.  The 
bottom  of  the  transition  should  drop  rapidly  from  the  entrance  and 
connect  tangent  to  the  grade  on  the  channel  below. 

The  procedure  in  designing  such  a transition  is: 

1.  Compute  the  length. 

2.  Compute  the  change  in  water  surface  from: 

W.S.  equals  1.15  ^h^  (inlets) 

W.S.  equals  0.75^  h^  (outlets) 

(neglecting  ordinary  friction  loss) 

To  illustrate  this  procedure  let  it  be  required  to  design  a transi- 
tion from  an  earth  channel  carrying  100  second  feet,  bottom  width 
12.6  feet,  depth  of  water  2.1  feet,  total  depth  2.6  feet,  side 
slopes  1-1/2  to  1 and  an  average  velocity  of  3.0  feet  per  second  to 
a concrete  lined  channel  with  a bottom  width  of  3.0  feet,  depth  of 
water  1.72  feet,  total  depth  2.0  feet,  side  slopes  1-1/2  to  1 and  an 
average  velocity  of  10.43  feet  per  second. 
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The  normal  depth  in  the  concrete  channel  of  1.72  feet  is  less  than 
the  critical,  therefore  it  is  necessary  to  develop  a velocity 
greater  than  the  critical.  The  earth  channel  should  be  contracted 
to  develop  critical  depth,  without  an  excess  drawdown  effect  in  the 
earth  channel  above.  In  the  earth  channel  under  consideration  it 
is  necessary  to  contract  the  bottom  to  a width  of  8.5  feet,  the 
side  slopes  being  1-1/2  to  1. 

dc  equals  1.44  feet 

Vc  equals  6.5  feet  per  second 

1.  Length  of  transition 

2.33  x cot  12-1/2°  equals  2.33  x 4.51  equals  10.5  feet  say 
10.0  ft. 

2.  W.S.  equals  1.15  (Ahv) 


equals  1.15  (1.035)  equals  1.19  feet  (See  Fig.  5.1-5) 
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FIGURE  5.1-5 

Typical  Transition  with  Straight  Sides 


Side  E leva f ion  Showing  Bottom  S<  Approx.  W.  S. 
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APPENDIX  II  TO  CHAPTER  5 


MOMENTUM  METHOD  OF  DETERMINING  BRIDGE  PIER  LOSS  * 

Flow  past  an  obstruction  has  been  divided  into  three  types  which 
follow  roughly  "Class  A and  B"  flow  as  defined  by  Yarnell,  and  "Class 
C"  flow  as  indicated  by  Yarnell  and  defined  herein.  The  definitions 
as  given  by  Koch  and  Carstanjen  for  the  three  flow  conditions  follow: 

"Class  A"  flow  is  defined  as  a flow  condition  whereby  critical  flow 
within  the  constricted  bridge  section  is  insufficient  to  produce 
the  momentum  required  downstream.  It  is  apparent  that  for  this  type 
of  flow,  the  bridge  section  is  not  a "control  point"  and,  therefore, 
the  upstream  water  depth  is  controlled  by  the  downstream  water 
depth  plus  the  total  losses  incurred  in  passing  the  bridge  section. 

"Class  B"  flow  is  defined  as  a flow  condition  whereby  critical  flow 
within  the  constricted  bridge  section  produces  or  exceeds  the 
momentum  required  downstream.  When  this  condition  exists,  the  up- 
stream water  depth  is  independent  of  the  downstream  water  depth, 
being  controlled  directly  by  the  critical  momentum  required  within 
the  constricted  bridge  section  and  the  entrance  losses. 

"Class  C"  A special  form  of  "Class  B"  flow  occurs  when  the  upstream 
water  is  flowing  at  a subcritical  depth  and  containing  sufficient 
momentum  to  overcome  the  entrance  losses  and  produce  a super- 
critical velocity  within  the  constricted  bridge  section. 

The  drawing  on  the  following  page,  entitled  "Bridge  Pier  Losses  by 
the  Momentum  Method"  shows  the  water  surface  profiles  and  momentum 
curves  for  the  three  classes  of  flow. 

Momentum,  as  referred  to  above,  is  defined  as  total  momentum  or  the 

2 

total  of  static  and  kinetic  momentum,  and  may  be  written  as  m + Q 

gA 

where  m = total  static  pressure  of  the  water  at  a given  section 
in  pounds 

Q = discharge  in  cubic  feet  per  second 

g = acceleration  of  gravity  in  feet  per  second  per  second 

A = channel  cross-sectional  area  in  square  feet. 

* Data  derived  from  "R.eport  of  Engineering  Aspects,  Flood  of 

March  1938,  Los  Angeles,  California,"  - Appendix  I,  Theoretical 
and  Observed  Bridge  Pier  Losses  - U.  S.  Engineer's  Office,  Los 
Angeles,  California,  - May  1949  and  from  "Approximate  Method 
Determines  Bridge  Pier  Loss,"  by  G.  M.  Allen,  Jr.,  in  March 
1953,  Civil  Engineering. 
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The  unit  weight  of  water  (w)  should  appear  in  each  term,  but 
since  it  would  cancel  in  the  final  equations,  it  has  been  assumed 
equal  to  unity,  dimensions  being  pounds  per  cubic  foot. 


Based  on  experiments  under  all  conditions  of  open  channel  flow 
where  the  channel  was  constricted  by  short  flat  surfaces  perpend- 
icular to  flow,  such  as  bridge  pier,  Koch  and  Carstanjen  found  that 


the  total  kinetic  loss  was  equal  to 


aqQ2 

AlSAl 


where  Aq  is  the  area  of 


the  obstruction  on  the  upstream  surface  and  A-^  is  the  water  area  in 
the  upstream  unobstructed  channel.  For  circular  nose  piers,  Koch 


is 


and  Carstanjen  show  that  2/3  of  (^0^  ) should  be  used.  It 

(A-1gA1) 

apparent  that  the  static  pressure  mg  against  the  upstream  obstructed 
area  is  not  effective  downstream,  whereas  the  static  pressure 
against  the  downstream  obstructed  area  is  effective  downstream. 
Therefore,  if  we  let  the  subscripts  1,  2,  and  3 represent  condi- 
tions upstream,  within  and  downstream  of  the  constricted  section, 
respectively,  we  may  write  the  general  momentum  relationship  as 
follows : 


Total  upstream  momentum  minus  the  momentum  loss  at  entrance 
must  equal  the  total  momentum  within  the  constricted  section, 
or 


mi 


- mo  + 


A1  g^l 


+ 


or 


- A0)  = m2  + . 

°2 

Total  momentum  within  the  constricted  section  plus  static 
pressure  on  the  downstream  obstructed  area  must  equal  the  total 
momentum  in  the  downstream  channel,  or 


mi  - 


mQ 


£?  (Ai 


m2  + 


g^2 


”0 


m3  + 


or 


gA3 


m2  + 


= m„  - 


gA2 


mQ  + 


^3 
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The  general  momentum  equation  follows: 


ml  ” m0  + 


gAi 


(A^  — Aq)  m2  -fr  m 


m 


0 


The  above  equations  cannot  be  solved  as  presented,  and  it  is  necessary 
that  a simpler  method  be  used.  The  total  sum  of  momentum  and  hydro- 
static pressure  for  each  section  (Fig.  5.2-3)  for  equal  depths  of 
flow  past  each  section  should  first  be  determined.  Using  equal  depths, 


Al  - Aq 


= A, 


= A3  - 


Aq  (or  A^  = Ag)  and 


- M = 
0 


«2 


= M - M 
3 0 


(or 


«i = V • 


Also,  for  equal  depths,  the  sum  of  momentum  and  hydrostatic  pressure 
for  each  section  I,  II,  and  III  is: 


I = 


III  = Mx 


M + 
0 


M + 
0 


MQ  + 


o2  <h  - A01 

gAZx 


g (A  - A ) 
5 v 1 0/ 


Q2 

__L  = M,  - Mn  + 
gA3  1 ° 


where,  for  equal  depths,  A^  = A^ 

The  values  for  equations  I,  II,  and  III  are  determined  for  various 
depths,  both  subcritical  and  supercritical.  A curve  for  each  section 
is  plotted  using  the  depth  as  the  ordinate  and  the  values  from  col- 
umns I,  II,  and  III  as  the  abscissa  (see  Fig.  5.2-4).  A vertical 
line  passed  through  the  three  curves  gives  a graphic  solution  of 
the  equations,  as  it  gives,  for  equal  momentum,  the  corresponding 
depths  of  flow. 

This  vertical  line  must  intersect  a minimum  of  five  depth  values, 
and  preferably  six.  Drwg.  No.  7-N-Eng.  248,  page  3,  shows  the 
depth  of  flow  and  its  indicated  class.  If  only  one  value  is  inter- 
sected on  curve  II,  the  flow  is  critical  at  Section  II. 

Values  of  Md"  on  the  lower  portions  of  Curves  I and  III  are  used  for 
supercritical  flow,  and  on  the  upper  portions  for  subcritical  flow. 
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Backwater  computations  will  determine  either  a flow  depth  at 
Section  I or  III,  depending  upon  type  of  flow  conditions,  and 
the  curves  give  a direct  solution,  as  the  vertical  line  must 
pass  through  the  known  depth  on  Curve  I or  III,  and  must  also  pass 
through  Curve  II.  If  this  vertical  line  does  not  pass  through 
Curve  II,  it  is  possible  that  the  momentum  of  the  given  depth 
is  not  great  enough  for  the  flow  to  pass  the  obstruction,  and  a 
change  in  the  computed  depth  must  be  made.  The  flow  would  then  be 
critical  at  Section  II,  as  the  critical  depth  is  the  depth  at 
which  the  momentum  and  pressure  is  the  minimum. 

Example 

Given  a trapizoidal  channel,  base-width  16  feet,  side-slopes 
l-3/4:l  and  capacity  Q = 5000  c.f.s. 


16’ 


Fig.  5.2-2.  Cross-section  of  channel  showing  center  bridge  pier. 
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Fig.  5.2-3.  Longitudinal  section  along  centerline  of  channel 
indicates  three  locations:  I - immediately  upstream,  II  - Under 

bridge,  III  - Immediately  downstream. 


Compute  by  solving  for  the  distance  y from  the  water  surface 


to  the  center  of  gravity  of  the  trapezoidal  section  where  y = 


d(T  + 2b) . 
3(T  + b) 


(T  = top  width  and  b = base  width)  and  multiplying  y by  the  area  A, 
or  (M  = y A ).  The  y distance  for  the  obstruction,  which  is  of 

rectangular  area  A^  is  this  multiplied  by  A^ , will  give  M^. 


Quantities  for  the  remaining  columns  can  be  easily  computed  by  use  of 
the  formulas  given  on  pages  5.2-2  and  5.2-5  and  in  the  column  head- 
ings in  Table  5.2-1. 


Momentum  values  given  in  columns  I,  II,  and  III,  Table  5.2-1,  are 
shown  plotted  on  the  graph,  Fig.  5.2-4,  giving  curves  I,  II,  and  III. 
From  a point  on  Curve  I,  which  represents  the  upstream  depth  a^,  draw 
a vertical  line  through  Curves  II  and  III  which  will  give  the 
depth  values  for  the  sections  under  the  bridge  and  immediately  down- 
stream. For  the  example  given,  refer  to  the  curves  on  Fig.  5.2-4. 

For  an  upstream  depth  of  8.0  feet,  the  depth  under  the  bridge  is 
9.3  feet  and  the  depth  immediately  downstream  is  8.7  feet.  As  the 
flow  upstream  is  at  subcritical  depth,  d..  is  less  than  d and 
"Class  C"  flow  applies  (see  Fig.  5.2-1). 


It  is  shown  in  Table  5.2-1  that  the  bridge  section  includes  an 
18-inch  wide  pier.  As  debris  piles  up  on  the  center  pier  its  net 
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effect  is  to  widen  the  center  pier  increasing  AQ  and  MQ.  The  effect 

of  such  debris  accumulations  can  be  estimated  by  computing  flow 
conditions  for  the  wider  pier  that  would  result  when  debris  had 
accumulated.  In  critical  cases  the  effect  of  debris  lodging  against 
piers  can  be  minimized  by  constructing  a 2:1  incline  on  the  upstream 
edge  of  the  piers.  This  causes  debris  to  rise  toward  the  surface 
and  widen  only  a portion  of  the  pier  height.  It  should  be  noted, 
however,  that  the  top  eight  (8)  feet  are  normally  considered  to  be 
affected  by  such  debris  so  an  inclined  leading  edge  on  piers  in 
shallow  streams  would  not  be  too  effective. 

The  momentum  method  of  computing  the  approximate  change  of  water 
surface  is  not  dependent  upon  coefficients  "K"  as  are  necessary  in 
the  formulas  derived  by  Nagler,  Weisbach,  Rehbock  and  others  (see 
USDA  Technical  Bulletin  No.  429,  "Pile  Trestles  as  Channel 
Obstructions"  and  USDA  Technical  Bulletin  No.  442,  "Bridge  Piers 
as  Channel  Obstructions") . 

A check  computation  for  the  raise  in  water  surface  due  to  the 
bridge  obstruction  was  made  using  the  Nagler  formula.  The  co- 
efficient K varies  from  .87  to  .94  with  the  channel  contraction 
approximately  five  percent.  The  difference  in  water  surface 
elevation  between  the  depth  in  the  unobstructed  channel  and  the 
depth  caused  by  the  obstruction  was  from  0.7  to  0.8  foot.  Dif- 
ference in  depths  indicated  by  the  Momentum  Method  was  greater, 
shown  by  the  curves  to  be  1.3  feet,  and  is  on  the  conservative 
side  I 

The  water  surface  profile,  above  and  below  bridges,  can  be  com- 
puted by  the  standard  step  method,  as  described  in  a report 
"Technical  Memorandum  - Water  Surface  Computation  in  Open 
Channels"  by  R.  F.  Wong,  Los  Angeles  District  Corps  of  Engi- 
neers, and  also  given  in  King's  Handbook  of  Hydraulics. 
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CHAPTER  6.  STABILITY  DESIGN 


Introduction 


The  design  of  unlined  earth  channels  with  acceptable  limits  of 
stability  is  of  primary  importance  in  Soil  Conservation  Service 
operations.  The  design  of  any  water  conveyance  system  composed  of 
unlined  earth  channels,  requires  knowledge  of  the  relationships 
between  flowing  water  and  the  earth  materials  composing  the  periphery 
of  the  channel.  These  relationships  may  be  the  controlling  factor 
in  determining  channel  location,  grade  and  cross-section  propor- 
tions . 

From  the  standpoint  of  erosion  or  channel  aggradation,  two  basic 
concepts  of  stability  analysis  are  presently  in  use  by  SCS  personnel. 
These  are: 

1.  Stability  by  preventing  movement  of  soil  by  flow  forces. 

Two  procedures  are  in  use  by  SCS  for  channel  design  based  on  the 
concept  that  movement  of  the  materials  in  the  bed  and  banks  of 
a channel  will  not  occur  if  certain  conditions  of  flow  with 
respect  to  the  soil  materials  are  met. 

These  procedures  are: 

a.  Allowable  velocities 

b.  Allowable  tractive  forces 

2.  Sediment  transport  theories. 

The  following  definitions  are  necessary  to  use  the  procedure  in  this 
section  of  the  guide: 

1.  Clear  water  is  defined  for  these  purposes  as  water  which  is  free 
of  bedload  and  carries  suspended  sediment  that  neither  exceeds 
approximately  one  percent  of  the  discharge  nor  deposits  as  a 
coating  on  the  banks  or  bed  of  the  stream. 

2.  Suspended  load  is  defined  as  the  load  carried  by  a stream  in 
excess  of  approximately  one  percent  or , though  lower  in  con- 
centration, deposits  as  a coating  on  the  channel  lining. 

3.  Bedload  is  defined  as  material  transported  in  traction  along  the 
bed  of  a stream. 
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The  stability  of  an  earth  channel  against  erosive  forces  can  be 
insured  by  limiting  the  erosive  power  of  the  flooding  waters  to 
such  degree  that  movement  of  the  soil  particles  in  the  channel 
bed  or  banks  is  not  initiated.  Two  methods  are  currently  being 
used  by  SCS  in  evaluating  channel  stability  by  limiting  the  erosive 
power  of  the  flow  to  allowable  limits. 

Allowable  Velocities  Procedure 

General 


This  method  of  estimating  the  stability  of  earth  channels  against 
erosion  is  based  on  data  collected  by  several  investigators. 

Figure  6-1  shows  "Allowable  Velocities  for  Un lined  Earth  Channels" 
developed  chiefly  from  data  by  Fortier  .and  Scobey—'  , Lane—  , 
and  by  investigators  in  the  U.S.S.R.^—  . The  allowable  velocities 
in  this  chart  are  for  channels  in  earth  materials  with  no  vege- 
tative or  structural  protection.  The  Fortier  & Scobey  data  included 
on  the  chart  were  collected  by  the  authors  from  engineers  exper- 
ienced in  irrigation  systems.  The  canals  were  well-seasoned,  were 
on  low  gradients  and  had  flow  depths  of  less  than  3 feet.  The 
"clear  water"  curve  of  non-scouring  velocities  on  the  right  side 
of  Figure  6-1  is  based  on  U.S.S.R.  data.  It  was  developed  from 
channel  flow  data  where  the  water  had  a mean  depth  of  one  meter 
and  for  water  that  was  carrying  less  than  0.1  percent  of  sediment » 
0.005  mm.  or  finer  in  size.  When  the  amount  of  sediment  finer 
than  0.005  mm.  in  suspension  is  from  0.1  to  2.5  percent,  the 
Russian  data  indicates  that  the  permissible  velocities  can  be 
raised  between  25  and  65  percent  in  sand  bed  streams,  between  10 
and  45  percent  in  gravel  bed  streams  and  between  0 and  25  percent 
in  streams  with  pebbles  or  cobbles  predominating  in  the  beds. 

This  correction  applies  to  straight  channels  only. 

Adjustment  in  allowable  velocities  to  provide  for  differing 
effects  of  short-time  runoff,  curvature,  bank  slopes  and  depth 
of  flow  are  provided  by  the  four  curves  along  the  top  of  the 
figure.  The  increase  in  allowable  velocity  due  to  colloidal 
material  was  attributed  by  Fortier  and  Scobey  to  its  cementing 
effect  on  soil  particles  in  the  canal  lining. 

The  alignment  factor,  A,  and  the  depth  factor,  D,  are  to  be 
applied  to  all  soil  conditions.  The  bank  slope  factor,  B,  is  to 
be  applied  to  channels  in  non-cohesive  soils  only.  The  frequency 
correction,  F,  is  to  be  applied  only  to  channels  in  cohesive  soils. 
In  applying  the  frequency  correction  factor  to  the  design  flow, 
the  design  runoff  may  have  a velocity  less  than  the  allowable 
but  the  velocity  of  runoffs  of  more  frequent  occurrence  may  exceed 
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the  allowable  velocity  without  the  frequency  correction.  As  these 
more  frequent  runoffs  may  cause  damage  to  the  channel,  in  no  case 
should  the  allowable  velocity  be  exceeded  by  the  107o  chance  dis- 
charge regardless  of  the  frequency  of  the  design  flood. 

The  conditions  under  which  these  data  were  collected  are  discussed 
in  the  listed  references. 

Judgement  must  be  used  in  applying  the  curves  on  Figure  6-1  to 
estimate  potential  channel  stability.  All  site  factors,  experience 
with  similar  channels,  the  effect  of  vegetation  and  other  items  that 
may  influence  channel  stability  must  be  evaluated. 

Curve  1,  on  Figure  6-1,  should  be  used  where  clear  water  conditions, 
as  defined  on  Page  6-1  of  this  Technical  Release,  prevail.  Such 
conditions  normally  occur  immediately  downstream  from  floodwater 
retarding  dams.  Curve  2,  on  Figure  6-1,  should  be  used  where  a 
suspended  load,  as  defined  on  Page  6-1  of  this  Technical  Release, 
occurs . 

Design  Procedure 

The  use  of  the  allowable  velocity  approach  in  checking  the  stability 
of  earth  channels  involves  four  steps: 

1.  Determine  the  hydraulics  of  the  system.  This  includes  hydro- 
logic  determinations  as  well  as  the  stage-discharge  relationships 
for  the  channel  considered.  The  procedures  to  be  used  in  this 
step  are  included  in  Chapter  4 and  Chapter  5 of  this  guide. 

2.  Determine  the  sediment  transport  characteristics  of  the  channel. 
The  procedures  to  be  used  in  this  step  are  included  in  Chapter  3 
and  Chapter  6 of  this  guide. 

3.  Determine  the  character  of  the  earth  materials  in  the  periphery 
of  the  channel.  The  procedures  for  this  determination  are 
included  in  Chapter  3 of  this  guide. 

4.  Compare  the  design  velocities  with  the  allowable  velocities  from 
Figure  6-1  for  the  materials  composing  the  channel  section.  In 
making  this  comparison,  the  channel  should  be  placed  in  one  of 
these  categories: 

a.  The  beds  and  banks  composed  of  non-cohesive  soils,  or 

b.  The  beds  and  banks  composed  of  fine  grained  cohesive  soils 
or  coarse  grained  soils  with  sufficient  cohesive  fines  to 
affect  their  engineering  behavior. 
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NON- SCOURING  V 


SOIL 

DESCRIPTIONS 


Stiff  clay,  high  cohesion 


Lean  to  moderately  co- 
hesive clays;  silty  or 
sandy  clays. 


Colloidal  alluvial  silts; 
micaceous  or  diatomaceous 
silts;  organic  silts  and 
clays  with  high  LL. 


Non-colloidal  alluvial 
silts;  sandy  or  clayey 
silts;  organic  silts  with 
low  LL. 


Silty  sands  or  gravelly 
silty  sands  containing 
more  than  57.  fines. 


Clayey  sand  or  gravelly 
clayey  sands  containing 
more  than  5%  fines. 


Clayey  gravels  or  clayey 
sandy  gravels  containing 
more  than  57.  fines. 


Silty  gravels  or  silty 
sandy  gravels  containing 
more  than  57.  fines. 


Clean  sands  and  gravels 
or  sand-gravel  mixtures 
containing  less  than  57. 
fines . 


BLE 


500.0 


_1_ 


10  15 


♦Use  curve  number  1 if  the  bed  load  con- 
centration is  less  than  the  capacity  of 
the  stream  or  if  the  size  of  the  bed 
load  material  is  larger  than  the  D75 
size  of  the  channel  materials.  Use 
curve  number  2 if  the  bed  load  concen- 
tration is  equal  to  the  capacity  of  the 
stream  or  if  the  size  of  the  bed  load 
material  is  smaller  than  the  D75  size 
of  the  channel  materials. 


Note: 

In  no  case  should  the  allowable  velocity 
be  exceeded  by  the  10%  chance  discharge 
regardless  of  the  frequency  of  occurrence 
of  the  design  flow. 


FIGURE  6-1 

IES  FOR  UNPROTECTED  EARTH  CHANNELS 
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Curve  Radius  4 Woter  Surface  Width 


Cotangent  of  Slope  Angle 
(E) 


NON- SCOURING  VELOCITIES  FOR  VARIOUS  EARTH  MATERIALS 


SOIL 

DESCRIPTIONS 

SOIL 

CLASSI- 

FICATION 

VELOCITY  (FT. /SEC.) 

GROUP 

PI 

CLEAR 

WATER 

SUSPENDED 

LOAD 

BEDLQAD 

Stiff  clay,  high  cohesion 

CH 

Above 

20 

4.5 

6.0 

3.5 

Lean  to  moderately  co- 
hesive clays;  silty  or 
sandy  clays. 

CL 

7-10 

Curve  1 

Curve  2 

* 

CL 

10-20 

2.5 

4.0 

2.5 

CL 

Above 

20 

4.0 

5.5 



Colloidal  alluvial  silts; 
micaceous  or  diatomaceous 
silts;  organic  silts  and 
clays  with  high  LL. 

MH.OH 

Below 

10 

Curve  1 

Curve  2 

* 

MH,OH 

10-20 

2.5 

4.0 

2.5 

MH.OH 

Above 

20 

3.5 

5.0 

3.0 

Non-colloidal  alluvial 
silts;  sandy  or  clayey 
silts:  organic  silts  with 
low  LL. 

ML,OL 

Below 

10 

Curve  1 

Curve  2 

•k 

ML,OL 

10-20 

2.5 

4.0 

2.5 

Silty  sands  or  gravelly 
silty  sands  containing 
more  than  5 7.  fines. 

SM 

Below 

10 

Curve  1 

Curve  2 

* 

SM 

10-20 

2.5 

4.0 

2.5 

Clayey  sand  or  gravelly 
clayey  sands  containing 
more  than  5%  fines. 

SC 

7-10 

Curve  1 

Curve  2 

* 

SC 

10-20 

2.5 

4.0 

2.5 

SC 

Above 

20 

4.0 

6.0 

3.5 

Clayey  gravels  or  clayey 
sandy  gravels  containing 
more  than  5%  fines. 

GC 

7-10 

Curve  1 

Curve  2 

* 

GC 

10-20 

Curve  1 

Curve  2 
or  5.5 

* 

or  5.0 

GC 

Above 

20 

Curve  1 
or  5.0 

Curve  2 
or  6.5 

* 

or  6.0 

Silty  gravels  or  silty 
sandy  gravels  containing 
more  than  5%  fines. 

GM 

Below 

10 

Curve  1 

Curve  2 

* 

GM 

10-20 

Curve  1 
or  4.0 

Curve  2 
or  5.5 

* 

or  5.5 

Clean  sands  and  gravels 
or  sand-gravel  mixtures 
containing  less  than  5% 
fines. 

GW 

- 

Curve  1 

Curve  2 

* 

GP 

- 

Curve  1 

Curve  2 

SW 

Curve  1 

Curve  2 

SP 

- 

Curve  1 

Curve  2 

♦Use  curve  number  1 if  the  bed  load  con- 
centration is  less  than  the  capacity  of 
the  stream  or  if  the  size  of  the  bed 
load  material  is  larger  than  the  D75 
size  of  the  channel  materials.  Use 
curve  number  2 if  the  bed  load  concen- 
tration is  equal  to  the  capacity  of  the 
stream  or  if  the  size  of  the  bed  load 
material  is  smaller  than  the  D75  size 
of  the  channel  materials. 


Note: 

In  no  case  should  the  allowable  velocity 
be  exceeded  by  the  10Z  chance  discharge 
regardless  of  the  frequency  of  occurrence 
of  the  design  flow. 


DESIGN  VELOCITIES  FOR  UNLINED  EARTH  CHANNELS 


type  of  flow 

SOIL  GROUP 

ALLOWABLE  DESIGN  VELOCITY 

Sustained  Flow 

Non-Cohesive 

Chart  value  x D x A x B 

Cohesive 

Tabular  value  x D x A 

Intermittent 
Flood  Flow 

Non-Cohesive 

Chart  value  x D x A x B 

Cohesive 

Tabular  value  x D x A x F 

FIGURE  6-1 

ALLOWABLE  VELOCITIES  FOR  UNPROTECTED  EARTH  CHANNELS 
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For  the  non-cohesive  soils,  the  allowable  velocity  is  determined  by 
correcting  the  value  read  from  the  velocity-grain  size  curves  on 
Figure  6-1  for  the  effects  of  flow  depths,  bank  slope  and  alignment. 
No  correction  is  made  for  channels  in  these  soils  for  the  frequency 
of  occurrence  of  the  design  flow. 

The  following  example  is  included  to  illustrate  the  use  of  the  pro- 
cedure : 


Example  6-1 

Given:  A channel  is  to  be  constructed  to  convey  the  flow  from  a 2 

percent  chance  flood  through  an  intensively  cultivated  area.  The 
hydraulics  of  the  system  indicate  that  a trapezoidal  channel  with 
2:1  side  slopes  and  a 40  ft.  bottom  width  will  carry  the  design 
flow  at  a depth  of  8.7  ft.  and  a velocity  of  5.41  fps . Soil  inves- 
tigations reveal  that  the  channel  will 'be  excavated  in  a moderately 
rounded  clean  sandy  gravel  with  a Dy^  size  of  2.25  inches.  The 
stream  is  classed  as  carrying  clear  water.  The  channel  is  straight 
except  for  one  curve  with  a radius  of  600  ft. 

Determine:  The  allowable  velocity,  V 

a 

Solution:  V = 6.5  fps  for  D = 2.25",  Figure  6-1 

a / 5 

Depth  correction  factor  = 1.22  Figure  6-1 
Bank  slope  correction  = 0.72  Figure  6-1 
Alignment  correction 


determine 


curve  radius 

water  surface  width 


= 600  = 8.02 
74.8 


alignment  correction  = 0.89  Figure  6-1 
Frequency  correction  = not  applicable 

V = VDB  = (6.5)  (1.22)  (.72)  = 5.71  fps  (straight  reach) 
a 

V = VDBA  = (6.5)  (1.22)  (.72)  (.89)  = 5.06  fps  (curved 
a reach) 

The  stability  is  adequate  in  the  straight  reaches  but  is  questionable 
on  the  curve.  Structural  protection  of  the  curve  may  be  required. 
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For  channels  constructed  in  cohesive  fine-grained  soils  or  coarse- 
grained soils  with  a significant  content  of  cohesive  fines,  the 
comparison  involves  correcting  the  allowable  velocity  value  from 
the  table  on  Figure  6-1  for  depth,  alignment  and  frequency  of 
occurrence  of  the  design  flow. 

In  no  case  should  the  non-scouring  velocity  be  exceeded  by  the  10 
percent  chance  discharge  regardless  of  the  frequency  of  occurrence 
of  the  design  flood. 

The  following  example  illustrates  the  procedure: 

Example  6-2 


Given:  The  same  channel  as  in  Example  6-1.  This  channel  is  to 

be  excavated  into  a silty  c lay -CL  soil  with  a plasticity  index 
of  24.  The  10  percent  chance  flood  results  in  a depth  of  7.4 
feet  and  a velocity  of  4.93  fps . 


From  Example  6-1 

2 percent  chance  flood 
d = 8.7' 
b = 40’ 
z = 2 

Determine:  The  allowable  velocity,  V 

a 

Solution:  V = 4.0  fps 

a 

For  2 percent  chance  flood 

Depth  correction  = 1.22 

Alignment  correction  = 0.89 

Frequency  correction  = 1.5 

Va  = VDF  = (4.0)  (1.22)  (1.5) 

V = VDFA  = (4.0)  (1.22)  (1.5) 
a reach) 


Figure  6-1 

Figure  6-1 
Figure  6-1 
Figure  6-1 

= 7.32  fps  (straight  reach) 
(.89)  = 6.51  fps  (curved 


The  design  velocity  is  less  than  the  allowable  velocity  for  the  2 
percent  flood  flow.  The  criteria  require  that  the  10  percent 
chance  flood  flow  not  exceed  the  allowable  velocity  with  no 
frequency  adjustment.  Check  allowable  velocity  for  10  percent 
flow. 
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V - VD  = (4.0)  (1.19)  = 4.76  fps  (straight  reach) 

ci 

Va  = VDA  = (4.0)  (1.19)  (0.89)  = 4.24  fps  (curved  reach) 

The  allowable  velocity  with  no  correction  for  frequency  is  exceeded 
by  the  velocity  for  the  10  percent  chance  flood  in  both  the  straight 
reaches  and  on  the  curve.  Modification  of  the  channel  slope  or 
geometry  or  structural  protection  to  the  depth  of  flow  for  the  10 
percent  flood  is  required. 

Tractive  Force  Procedure 

General 


The  tractive  force  is  equal  to  the  total  friction  force  that  resists 
flow  in  a channel  but  acts  in  the  opposite  direction.  From  this  it 
is  seen  that  tractive  force  and  boundary  shear  are  the  same  and  can 
be  defined  as  the  force  per  unit  area  exerted  by  a fluid  flowing 
past  a stationary  boundary.  This  force  is  equal  to  the  weight  of 
the  fluid  prism  times  the  energy  gradient.  The  tractive  force 
approach  to  channel  stability  analysis  from  an  erosion  standpoint 
provides  a method  to  evaluate  the  shear  at  the  interface  between 
flowing  water  and  the  materials  in  the  periphery  of  the  channel. 

Research  has  not  progressed  to  the  point  where  the  tractive  force 
procedure  can  be  used  with  confidence  in  the  design  of  channels  over 
the  full  range  of  soil  conditions  that  may  be  encountered.  Lane 
and  others  have  developed  criteria  that  give  good  results  when 
correctly  applied  to  coarse  grained  soils.  Criteria  of  comparable 
accuracy  have  not  been  developed  for  fine  grained  cohesive  and 
non-cohesive  soils,  consequently  the  tentative  criteria  that  are 
contained  in  the  literature  for  such  soils  must  be  used  with  caution 
and  always  checked  against  time  tested  procedures.  Cohesive  fine 
grained  soils  are  particularly  difficult  to  treat  because  investi- 
gators have  not  yet  developed  test  procedures  that  properly  define 
erosional  resistance. 

The  use  of  the  tractive  force  theory  to  check  the  ability  of  earth 
channels  to  resist  erosive  forces  involves  five  steps. 

1.  Determine  the  hydraulics  of  the  channel.  This  includes  hydro- 
logic  determinations  as  well  as  the  stage-discharge  relationships 
for  the  channel  being  considered.  The  procedures  to  be  used  in 
making  these  determinations  are  included  in  Chapter  4 and  Chapter 
5 of  this  guide. 

2.  Determine  the  sediment  transport  characteristics  of  the  channel. 
The  procedures  to  be  used  in  this  step  are  included  in  Chapter  3 
and  Chapter  5 of  this  guide. 
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3.  Determine  the  character  of  the  earth  materials  in  the  periphery 
of  the  channel.  The  procedures  for  this  determination  are 
included  in  Chapter  3 of  this  guide. 

4.  Determine  the  tractive  forces  exerted  by  the  flowing  water  on 
the  boundary  of  the  channel  being  studied.  The  procedure  for 
this  is  discussed  in  this  section  of  the  guide. 

5.  Check  the  ability  of  the  soil  materials  forming  the  channel  to 
resist  the  actual  tractive  forces.  The  procedures  for  this 
comparison  are  discussed  in  this  section  of  the  guide. 

De t e rmination  of  Actual  Tractive  Forces 


Tractive  force  in  infinitely  wide  channels. 


1.  Coarse  non-cohesive  soils.  The  procedures  reported  by  Lane 

are  used  to  predict  the  actual  tractive  forces  for  channels  in 
coarse  non-cohesive  soils. 


Lane ' s 


25/ 


work  showed  that  for  soils  with  a D 


75 


0.25"  and  5.0"  the  value  of  Manning's  coefficient  "n" 


size  between 

resulting 

from  the  roughness  of  the  soil  particles  could  be  determined 
by: 


n( 


D 1/6 
75 

39 


with  Dye;  expressed  in  inches  (6.1) 


Generally  Manning's  roughness  coefficient  n reflects  the 
overall  impedence  to  flow  including  grain  roughness,  form 
roughness,  vegetation,  curved  alignment,  etc.  The  value  of 
nt  determined  by  equation  5.1  represents  the  retardance  to  flow 
caused  by  roughness  of  the  soil  grains. 


In  computing  the  tractive  force  acting  to  cause  erosion  of  the 
soil  particles,  the  force  of  the  flowing  water  that  is  expended 
in  overcoming  frictional  resistance  from  vegetation,  form 
roughness  and  causes  other  than  grain  roughness  should  be 
deducted  from  the  total  shear  force  of  the  stream.  This  deduc- 
tion is  accomplished  by  computing  nt,  equation  6.1,  and  then 
using  this  value  and  the  total  value  of  Manning's  coefficient 
n to  compute  the  energy  gradient  to  use  in  the  tractive  force 
computations.  This  gradient  is  termed  st  and  may  be  found 
using  the  following  equation: 
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The  tractive  force  acting  on  the  soil  grains  in  an  infinitely 
wide  channel  is  found  by: 


To°  " rwd  st  (6.3) 

where  the  terms  are  as  defined  in  the  glossary. 

In  the  case  where  all  the  retardance  to  flow  is  caused  by  rough- 
ness of  the  soil  grains,  n = nfc  and  sQ  = st  then 


It  is  recognized  that  this  procedure  may  introduce  errors  in  the 
value  of  TQO  , as  the  conditions,  i.e.,  variable  n,  departs  from 
that  assumed  in  the  derivation  of  T00.  However,  it  is  believed 
that  this  approach  comes  closer  to  approximating  the  actual 
tractive  force  than  using  the  energy  slope  associated  with  the 
composite  n. 


2.  Fine-grained  cohesive  and  non-cohesive  soils.  The  above  pro- 
cedure is  recommended  to  determine  the  actual  tractive  force  for 
fine-grained  cohesive  and  non-cohesive  soils. 

1/6 

It  is  recognized  that  the  extension  of  the  formula  n^  = D-^ 

~ 39  ' 

to  soils  with  D-^c-  size  of  less  than  0.25  inch  introduces 
additional  errors  into  the  computed  value  of  the  tractive  force. 
The  computed  value  for  the  tractive  force  for  the  fine-grained 
soils  using  the  above  procedure  will  be  higher  than  the  actual 
tractive  force  applied  to  the  channel  periphery.  Use  of  the 
above  method  will  insure  uniformity  in  computing  the  tractive 
force.  This  will  permit  much  easier  correlation  of  results  of 
observed  channel  stability  with  respect  to  tractive  forces  and 
earth  materials. 


Relation  of  maximum  tractive  forces  in  a trapezoidal  channel  to  those 
in  an  infinitely  wide  channel.  - ~ Sheets  5 & 6 of  ES-140  give  the 
comparison  of  the  tractive  forces  in  a trapezoidal  channel  to  that 
of  an  infinitely  wide  channel  having  the  same  depth  of  flow  and 
value  of  s . When  the  value  of  d and  st  for  the  trapezoidal  channel 
are  determined  the  tractive  force  in  the  infinitely  wide  channel 
having  the  same  d and  st  may  be  computed  by  equation  6-3.  Then  by 
using  sheets  5 and  6 of  ES-140,  the  actual  maximum  tractive  forces 
on  the  bed  and  sides  of  the  trapezoidal  channel  can  be  determined. 
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Maximum  tractive  forces  in  trapezoidal  channels  containing  curves.  - 
Curves  in  channels  will  cause  the  maximum  tractive  forces  to  increase 
above  those  in  straight  channels.  The  maximum  tractive  forces  in 
a channel  with  a single  curve  occur  on  the  inside  bank  of  the  curve 
and  near  the  outer  bank  downstream  from  the  curve.  Compounding 
of  curves  in  a channel  would  cause  a compounding  of  the  maximum 
tractive  forces.  Sheet  7 of  ES-140  gives  values  of  maximum  tractive 
forces  based  on  judgement  coupled  with  very  limited  experimental 
data.  It  does  not  show  the  effect  of  depth  of  flow  and  length  of 
curve  and  its  use  is  only  justified  until  more  accurate  information 
is  obtained.  Sheet  8 of  ES-140,  with  a similar  degree  of  accuracy, 
gives  the  maximum  tractive  forces  at  various  distances  downstream 
from  the  curve. 


The  following  examples  illustrate  the  use  of  the  procedure  to 
determine  the  actual  tractive  forces. 

Example  6-3 

Given:  The  same  channel  and  soils  as  Example  6-1.  The  aged  "n" 

value  equals  0.03  and  se  = 0.001. 

From  Example  6-1 

2 percent  chance  flood 
b = 40 
z = 2 
R = 600' 
d = 8.7' 


Determine:  The  actual  tractive  forces  on  the  bottom  and  sides 

of  the  channel  resulting  from  the  design  flow. 


Solution:  Determine  n 


t 

nt 


D 


1/6 


1/6 


. 75  _ (2.25) 


39 


39 


1.1428 

39 


nt  = 0.0293 


Determine  s 


st  = 


‘e(nt) 


= 0.001 


n 


( .0293)* 
( .030)2 


st  = 


0.001  (.953)  = 0.000953 
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Determine  Too 

Too  = ^wd  s t = (62.4)  (8.7)  (.000953) 
Too  = 0.516  psf 
From  ES-140,  (Sheet  5 of  8) 
for  b/d  = 4.6  and  z = 2 

VT~  - °-98 

Tb  = 0.98  (0.516)  = 0.506  psf,  and 
From  ES-140,  (Sheet  6 of  8) 


0.775 


Tg  = (0.775)  (0.516)  = 0.40  psf 


Example  6-4 


Given:  The  channel  and  soil  conditions  of  Example  6-2.  The  silty 

clay  soil  has  a Dy^  = 0.20  millimeters,  s£  = 0.0015. 

From  examples  6-1  and  6-2 
2 percent  chance  flood 
d = 8.7' 
b = 40* 

silty  clay  soil,  PI  = 24 


Determine : 
Solution: 


The  actual  tractive  force. 


Dy^  = 0.20  millimeters  = 0.0079  inch 


Determine  nt  = 


°751/6 

39 


(.0079) 


1/6 


39 


.446 

39 


Determine  st 


st  = Se 


(np2  (.0115)' 

= 0.0015  

(n)  2 (.03)2 


0.0115 


0.00022 


Too  = (62.4)  (8.7)  (.00022)  = 0.12  psf 
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From  ES-140,  (Sheet  5 of  8) 

for  b/d  = 4.6  and  z = 2 

Tb  = 0.98 

tZo 

Tb  = (0.98)  (0.12)  = 0.118  psf,  and 

From  ES-140,  (Sheet  6 of  8) 

T = 0.775 
s 


T = (0.775)  (.12)  = 0.093  psf 
s 

Allowable  Tractive  Forces 

To  determine  the  allowable  tractive  force,  the  channel  must  be  placed 
in  one  of  the  following  categories: 

1.  Formed  in  coarse  grained,  non-cohesive  materials  (D75  y 0.25")  . 
For  these  soils  the  allowable  tractive  force  reported  by  Lane 
is  to  be  used. 

2.  Formed  in  soils  with  D75  < 0.25". 

Many  attempts  have  been  made  to  relate  the  stability  against 
erosion  of  channels  in  earth  materials  to  such  soil  properties  as 
grain  size,  percent  0.002  mm.  particles,  plasticity  index  and 
Middleton's  dispersion  ratio.  Predictions  based  on  most  of  these 
properties  have  met  with  varying  degrees  of  success.  For  uncon- 
solidated, uncemented  sediments,  the  allowable  tractive  force 
appears  to  be  best  correlated  with  the  plasticity  index  and  the 
dispersion  ratio,  probably  because  these  properties  are  better 
indicators  of  cohesion  than  grain  size  or  percent  0.002  mm. 
material . 

None  of  these  properties  indicate  the  effect  of  consolidation 
or  cementation  on  erosion  resistance.  Experience  indicates 
the  need  for  a procedure  that  will  measure  inter-particle 
attraction  and  the  effect  of  stress  history  on  soils.  The 
strength  as  measured  by  the  unconfined  test  on  saturated  samples 
may  be  an  indicator  of  erosion  resistance  of  cohesive,  cemented 
or  consolidated  soils.  It  is  recognized  that  this  test  measures 
the  no  load  shear  strength  of  soil  materials  that  appears  to  be 
effective  in  resisting  erosion. 
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The  permeability  of  the  soil  is  an  important  factor  in  areas  with 
a low  water  table  and  intermittent  flows.  Most  soils  with  a 
significant  line  fraction  exhibit  some  degree  of  cohesion  at 
moisture  contents  less  than  saturation.  With  this  apparent  strength, 
the  soils  are  relatively  more  resistant  to  erosion  than  when  sat- 
urated. The  erosion  rate  may  be  a function  of  the  infiltration 
rate  under  such  conditions.  Soils  with  low  strengths  when  saturated 
and  low  permeability  may  be  more  erosion  resistant  than  soils  with 
low  strengths  when  saturated  and  with  moderate  or  high  rates  of 
permeability. 


Non-cohesive  coarse-grained  soils,  D-,^  ^ 0.25".  - - The  allowable 
tractive  force  for  channel  beds  T-^  composed  of  non-cohesive 
materials  of  gradation  Dy^  is 

TLb  = 0.4  D?5  . . . . 0.25"  < D?5  < 5.0" (6.4) 


The  allowable  tractive  force  for  channel  sides  Tbg  is  less  than  that 
of  the  same  material  in  the  bed  of  the  channel  because  the  gravity 
force  aids  the  tractive  force  in  moving  the  materials.  The  allowable 
tractive  force  for  channel  sides  composed  of  non-cohesive  granular 
materials,  giving  consideration  to  the  effect  of  the  side  slope  z 
and  the  angle  of  repose  0^  with  the  horizontal  is 

T^  = 0.4  R Dy5 0.25"  < D75  < 5.0" (6.5) 

where 


(6.6) 


Sheet  3 of  ES-141  gives  an  evaluation  of  the  angles  of  repose 
corresponding  to  the  degree  of  angularity  of  the  material.  Sheet  4 
of  ES-141  gives  values  of  equation  (6.6). 

When  the  unit  weight  of  the  constituents  of  the  material  having 

a grain  size  larger  than  the  Dye;  is  significantly  different  than 
160  lbs./ft^,  the  limiting  tractive  force  TLb  and  TLs  as  given  by 
equations  (6.4)  and  (6.5)  should  be  multiplied  by  the  factor 


97.6 


(6.7) 
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Example  6-5 

Given:  The  same  channel,  flow  and  soil  conditions  as  Examples 

6-1  and  6-3  in  which  z = 2,  Dy^  = 2.25"  and  the  particles  are 
moderately  rounded. 

Dycj  = 2.25  inches 

Actual  tractive  force 


Bottom  = 0.506  psf 
Sides,  Tg  = 0.40  psf 

Determine:  Compare  the  actual  tractive  force  with  the  allowable 

tractive  force. 


Solution:  Allowable  tractive  force 

Bottom,  T , = 0.4  D 


Lb  75 

= 0.4  (2.25)  = 0.9  psf 

Sides  , Tt  = 0.4  K D__ 

Ls  75 

TLs  - K <‘9> 

From  ES-141,  (Sheet  3 of  4) 

0 = 37.5°  for  moderately  rounded  gravel 

K 


From  ES-141  (Sheet  4 of  4) 


K = .675 

TLs  = (.9)  (.675)  = 0.606  psf 

The  allowable  tractive  forces  are  not  exceeded  on  the  bottom  or 
sides  of  the  channel. 


Soils  with  Dy^ 0.25".  - - The  following  procedure  is  recommended 
for  channel  design  and  to  compile  data  leading  to  better  criteria 
for  these  soil  conditions. 

During  the  investigations  outlined  in  Chapters  2 and  3 of  this 
guide,  all  earth  channels  in  the  area  should  be  examined.  Hydraulic 
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reaches  should  be  selected  in  as  wide  a range  of  soil  conditions  as 
practicable.  These  reaches  should  represent  as  wide  a range  of 
hydraulic  conditions  and  degrees  of  stability  for  earth  materials  that 
are  not  protected  by  vegetation  or  other  measures  as  practicable. 
Sufficient  engineering  survey,  hydraulic  and  hydrologic  data  should 
be  obtained  to  permit  calculation  of  the  range  of  tractive  forces  that 
have  been  applied  during  flows  in  the  past.  These  tractive  forces 
should  be  compared  with  the  degree  of  stability  observed  in  the 
reaches . 

The  soil  conditions  observed  in  the  investigations  and  properties 
determined  by  laboratory  and  field  tests  should  be  compared  with  the 
hydraulic  stresses  and  degree  of  stability.  In  this  manner  the  soil 
properties  and  conditions  that  are  associated  with  various  degrees  of 
stability  through  the  range  of  hydraulic  stresses  applied  can  be 
determined.  Allowable  tractive  forces  for  the  channel  system  under 
consideration  should  be  developed  from  these  data,  and  recorded. 
Observations  should  be  made  of  the  improved  channels  after  construction 
as  flow  occurs.  Data  from  these  observations  should  be  tabulated  to 
supplement  the  historical  data  compiled  during  the  investigational 
stages. 

The  stability  of  channels  in  fine  grained  soils  (Dy^  < .25")  may  be 
checked  using  the  curves  in  Figure  6-2.  These  curves  were  developed 
by  Lane—/ . The  curves  relate  the  median  grain  size  of  the  soils 
to  the  allowable  tractive  force.  Curve  1 is  to  be  used  when  the 
stream  under  consideration  carries  a load  of  2 percent  or  more  of 
fine  suspended  sediment.  Curve  2 is  to  be  used  for  streams  carrying 
up  to  0.2  percent  of  fine  suspended  sediments.  Curve  3 is  for  clear 
water  streams.  These  curves  are  not  applicable  to  streams  that  carry 
sand  as  bedload.  These  curves  must  be  used  with  caution  in  checking 
channel  stability  because  their  validity  over  a wide  range  of  condi- 
tions has  not  been  conclusively  proved.  An  approach  to  checking 
channel  stability  in  fine  grained  cohesive  soils  that  has  been  used 
in  the  Portland  E&WP  unit  is  described  in  Appendix  6-1. 

Formation  of  Bed  Armor  in  Coarse  Material 

In  material  where  the  coarsest  fraction  consists  of  gravel  or  cobbles 
an  armoring  of  the  bed  commonly  develops  if  the  allowable  tractive 
force  is  exceeded  and  scour  occurs.  The  depth  at  which  this  armor  will 
form  may  be  evaluated  if  it  is  determined  that  some  deterioration  of 
the  channel  can  be  permitted  before  stability  is  reached.  The  D^q  - Dg^ 
size  of  a representative  sample  of  bed  material  is  frequently  found 
to  be  the  size  paving  channels  when  scouring  stops.  Finer  sizes,  such 
as  the  D75  may  form  the  armor,  once  the  finer  material  is  eroded.  On 
the  other  hand,  the  coarsest  particles  may  not  be  sufficiently  large 
to  prevent  scour.  The  Dg,  size  is  considered  to  be  about  the  maximum 
for  pavement  formation  within  practical  limits  of  planning  and  design. 


Allowable  Tractive  Force  (lbs. /ft4) 
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No.  I _ High  Content 


Low  Content 


Curve 


REFERENCE^  L AN  E , E . W.  ."DESIGN  0 F STABLE  CHANNELS", 
A.S.C.E.  , VOLUME  120 


FIGURE  6-2 

ALLOWABLE  TRACTIVE  FORCES 
NON -COHESIVE  SOILS,  D7<:0.25'‘ 


TRANSACTIONS 
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The  following  procedure  may  be  used  for  determining  depth  of  scour 
to  armor  formation. 

The  actual  tractive  force  under  design  hydraulic  conditions  is 
computed  in  accord  with  equation  (6.4).  By  rearranging  this  equation 

T 

D = __b  , where  D is  the  limiting  size 

A 

For  example 

T^  = 0.6  psf 

Then  D = — *y  = 1.5  inches. 

.4 

Reading  from  the  size  distribution  curve  of  a representative  bed 
sample,  it  is  determined  that  1.5  inches  is  the  D90  size.  With  armor 
customarily  forming  as  a single  layer,  the  depth  of  scour  to  forma- 
tion of  a D9q  size  armor  is  equal  to  the  D^q  size  in  inches  divided 
by  the  percentage  of  material  equal  to  or  larger  than  the  armor 
size.  For  this  case  1.5 -f-  .10  = 15  inches  (1.25  ft.)  depth  to  armor 
formation. 

Armoring  of  the  bed  will  not  usually  develop  initially  as  a flat 
bed  across  the  channel.  After  forming  an  armor  along  the  thalweg, 
bars  of  finer  material  will  next  be  removed,  followed  by  an 
increasing  attack  on  the  banks. 

Channel  Stability  With  Respect  to  Sediment  Transport 

A channel  transporting  sediment  during  flow  is  considered  to  be 
stable  if  the  rate  of  sediment  transport  is  such  that  the  overall 
equilibrium  of  the  channel  is  maintained.  This  requires  that  scour 
and  aggradation  are  maintained  between  prescribed  limits.  Bedload 
transport  equations  have  been  developed  for  predicting  the  rate  of 
transport  under  equilibrium  conditions.  In  these  equations  transport 
is  related  to  stream  discharge  per  foot  of  channel  width.  A pro- 
cedure is  presented  in  this  section  for  determining  relative  rates 
of  scour  or  deposition  using  variations  in  mean  velocity. 

Application  of  Bedload  Transport  Equations 

A number  of  equations  have  been  developed  to  compute  rates  of  bedload 
sediment  transport.  The  more  widely  used  include  the  Einstein  Bedload 
Function^/  , the  Meyer-Peter  and  Muller  formula— ^ , and  the 
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on  / 

Schoklitsch—  equations.  A comparison  of  the  measured  and  computed 
sediment  loads  indicates  that  the  most  reliable  involves  depth- 
integrated  samples  of  suspended  load  and  computations  employing 
the  Einstein  bedload  function.  This  is  known  as  the  Modified 
Einstein  Procedural^/ . However,  the  field  data  required  in  use  of 
this  procedure  is  not  ordinarily  available. 

The  Einstein  bedload  function  and  the  Meyer-Peter  and  Muller 
formula  for  computing  bedload  transport  have  been  determined  to 
be  about  equally  adapted  for  this  purpose  in  the  range  from 
medium-size  sand  to  gravel.  The  equations  for  computation  of 
equilibrium  bedload  transport  are  given  in  the  references  cited. 

Sediment  Transport  in  Sand  Bed  Streams  Not  in  Equilibrium 

The  procedures  described  in  this  section  are  recommended  for 
determining  the  effect  of  channel  changes  on  stability.  They  are 
based  on  research  which  shows  that  the  rate  of  bedload  sediment 
transport  is  strongly  related  to  mean  velocity.  Figure  6-3  shows 
this  relationship  for  fine  and  medium  sand  sizes.  Factors  which 
create  differences  in  mean  velocity  from  one  reach  to  another 
cause  differences  in  rates  of  bedload  transport.  If  the  changes 
in  rates  are  substantial  in  amount  and  in  duration,  an  unstable 
condition  is  established. 

Bedload  sediment  transport  in  sand  bed  streams  with  variable 
roughness.  - - Numerous  studies  have  indicated  that  the  roughness 
coefficient  "n"  varies  in  a sandbed  stream  as  the  bed  form  changes 
in  response  to  the  formation  of  ripples,  dunes  and  anti-dunes. 

No  generally  accepted  method  has  been  developed  for  predicting 
what  the  "n"  value  will  be  at  any  given  discharge  or  velocity. 

In  the  approach  used  here,  mean  velocity  is  related  to  an  approxi- 
mation of  tractive  force  for  broad,  shallow  flow  - - the  product 
of  depth,  slope  and  unit  weight  of  water.  The  relationship  is 
established  by  adaptation  of  data  presented  by  Dawdyll/.  In  his 
paper,  the  hydraulic  radii  as  related  to  mean  velocity  are  shown 
for  a number  of  sand  bed  streams.  Figure  6-4  shows  a plotting  of 
mean  velocity  related  to  the  product  of  slope,  hydraulic  radius 
and  unit  weight  of  water  for  five  of  the  streams.  It  is  assumed 
that  hydraulic  radii  in  these  relatively  broad,  flat-bedded 
streams  are  equivalent  to  depth  for  purposes  of  computing  tractive 
force  in  this  procedure.  More  data  are  needed  to  define  the  curve 
of  Figure  6-4  for  sediment  with  the  median  size  coarser  than  0.5 
mm.  Data  from  one  stream  with  a median  sand  size  of  0.8  mm. 
indicates  a deviation  from  this  curve. 

The  following  procedure  may  be  used  to  determine  whether  unstable 
conditions  will  occur  under  projected  channel  conditions  where 
variable  bed  roughness  occurs: 
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FINE  AND  MEDIUM  SIZE  SAND  BED  STREAMS  DATA  ADOPTED  FROM 
U.S.  GEOL.  SURVEY  WATER  SUPPLY  PAPER  1498  C , FIG.  5 , 6,  8 , 9,10 
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1.  Determine  whether  a full  supply  of  bedload  will  be  introduced  into 
the  reach  by  methods  described  in  Chapter  3 and  its  appendix. 

2.  Compute  mean  velocities  for  various  stages  of  flow  for  a hydro- 
graph or  series  of  hydrographs  at  cross  sections  typical  of 
stream  reaches  to  be  compared.  The  recommended  method  of  deter- 
mining the  influence  of  variable  bed  roughness  and  bank  roughness 
on  mean  velocity  is  explained  in  the  example  of  the  procedure 
given  below. 

3.  Select  one  characteristic  velocity-bedload  transport  curve  from 
Figure  6-3  or  construct  a new  one  from  available  data. 

4.  Compute  rates  of  bedload  transport  for  each  reach. 

5.  Where  scour  or  aggradation  may  occur,  revise  design,  such  as 
changing  projected  channel  slope,  width  and  depth.  The  design 
may  have  to  provide  sufficient  channel  freeboard  for  low  flow 
aggradation  to  insure  capacity  during  large  flows.  Reliance  on 
the  removal  of  the  low  flow  deposits  prior  to  peaking  of  higher 
flows  should  be  approached  with  caution  since  the  sequence  of 
flows  or  the  condition  of  the  channel  at  the  time  of  any  flood 
occurrence  cannot  be  predicted. 

Example  6-7 

Assume  that  a flood  detention  reservoir  will  be  built  on  a sand  bed 
stream  with  a median  size  of  bed  material  of  0.15  mm.  With  the  reser- 
voir installed,  improvement  of  the  channel  two  miles  downstream  will 
be  required  to  allow  controlled  runoff  without  erosion  of  the  banks. 
The  distance  from  the  dam  to  the  beginning  of  the  reach  to  be  improved 
is  great  enough  to  enable  the  flow  to  become  fully  loaded  with  bed 
material.  The  energy  gradient  in  the  unimproved  reach  is  .003  feet 
per  foot.  The  stream  banks  are  nearly  vertical  and  free  of  vegeta- 
tion. 

Rights-of— way  limitations  show  that  a 60-foot  bottom  width  improved 
channel  meets  requirements.  It  is  proposed  to  protect  erodible  banks 
with  riprap  on  a slope  of  2 1/2:1.  The  energy  gradient  in  this  reach 
is  computed  to  be  .0025. 

The  riprapped  slopes  and  the  narrower  and  lower  gradient  section 
result  in  a change  in  velocity  over  that  of  the  upstream  section. 

Table  6-1  and  its  supplement,  Table  6-2,  show  the  procedure  used  in 
computing  these  velocities.  The  formula  in  Table  6-2  was  originally 
presented  by  Horton^/.  The  computation  of  the  values  in  each  of  the 
columns  is  as  follows. 
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Column  1 - Depths  are  chosen  to  provide  a range  of  flows  within 
the  two  channel  sections  up  to  the  maximum  proposed  reservoir 
release  rate. 

Columns  2 and  3 (80-foot  section),  and  Columns  6 and  7 (60-foot 
section)  give  the  cross-sectional  area  at  the  specified  depths 
and  side  slopes.  These  data  were  obtained  from  hydraulic  tables 
such  as  those  prepared  by  the  Corps  of  Engineers. 

Columns  4 and  8 are  approximations  of  tractive  force  using  the 
energy  gradients  equal  to  .003  or  .0025,  respectively;  depth 
(column  1),  and  the  unit  weight  of  water,  62.4  pounds  per  cubic 
foot. 

Columns  5 and  9 are  obtained  from  Figure  6-4,  the  mean  velocities 
being  read  from  the  intersection  of  the  product  values  in  columns 
4 and  8 with  the  curve. 

The  remaining  calculations  determine  the  correction  of  velocity 
of  the  60-foot  section  due  to  riprap.  Velocities  that  are  attri- 
butable to  the  depth,  energy  gradient  and  bed  roughness  only  are 
reflected  in  the  velocities  in  Columns  5 and  9.  Column  10  shows 
the  "n"  values  related  to  the  velocities  in  Column  9.  In  this 
example  the  "n"  for  the  velocities  in  Column  9 were  obtained  from 
the  Table  of  Values  of  nv  Corresponding  to  Different  Values  of 
"r"  (radius)  and  "s"  (slope)  in  Manning's  Formula  in  Kings 
"Handbook  of  Hydraulics 33/  These  "n"  values  are  used  in  the 
formula  given  at  the  head  of  Table  6-2  for  computing  roughness  of 
the  improved  channel,  accounting  for  both  riprap  and  bottom 
roughness . 

The  method  of  obtaining  the  "n"  in  Column  11,  corrected  for 
roughness  due  to  the  riprapped  side  slopes,  is  given  in  Table  6-2. 

The  corrected  mean  velocity  of  Column  12  is  determined  from 
Manning's  formula,  using  corrected  "n"  of  Column  11,  an  energy 
gradient  of  .0025  and  the  appropriate  "r"  in  Column  6. 

The  available  reservoir  storage  capacity  and  the  hydrology  of  the 
site  indicates  that  500  cfs  is  the  maximum  desired  capacity  of  the 
principal  spillway.  Figure  6-5  gives  the  design  release  rate  for 
the  proposed  reservoir.  It  is  assumed  that  there  are  no  signifi- 
cant uncontrolled  flows  entering  the  stream  between  the  reservoir 
and  improved  channel. 

In  design  of  the  improved  channel  and  in  programming  reservoir 
releases,  it  is  necessary  to  determine  (1)  if  the  proposed  reservoir 
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Table  6-2  - Calculation  of  "n"  adjusted  for  2 1/2  to  1 
side  slopes  (riprapped) 

The  formula  used  for  obtaining  the  corrected  nn"  in  Column  11  is: 


n 


? 2 n2^/2 


2/3 
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releases  will  provide  equilibrium  bedload  transport  through  the 
improved  channel;  and  (2)  if  scour  or  aggradation  will  occur  and 
the  relative  rate  of  its  occurrence. 

The  foregoing  calculations  have  provided  data  on  velocities  for  a 
range  of  depths  through  the  reaches  represented  by  the  two  channel 
sections.  The  following  steps  are  necessary  to  determine  how  the 
changes  in  velocity  for  the  same  discharge  passing  through  the  two 
reaches  affect  their  capacity  to  transport  bedload  sediment. 

Velocity-area  curves  for  the  two  stream  reaches  were  prepared  from 
the  data  in  Columns  3 and  5 (for  the  80-foot  wide  channel),  and 
Columns  7 and  12  (60-foot  wide  channel).  The  curves  in  Figure  6-6 
provide  information  that  enables  calculations  and  plotting  of  dis- 
charges as  related  to  velocities.  In  the  velocity-discharge  curves, 
Figure  6-7,  discharges  were  obtained  for  each  0.5  fps  increase  in 
velocity  from  the  product  of  the  cross-sectional  area  and  equivalent 
velocity  for  the  two  stream  sections  shown  on  Figure  6-7. 

The  next  step  required  selection  of  a mean  velocity-bedload  sediment 
transport  rating  curve  from  Figure  6-3  because  of  similarity  in 
median  grain  size.  Curve  number  7 was  chosen  as  the  more  applicable 
to  this  problem.  Selection  of  another  curve  would  result  in  rela- 
tively comparable  qualitative  results  but  they  would  differ  quanti- 
tatively. However,  qualitative  results  provide  useful  information 
for  solution  of  this  problem. 

The  discharge-bedload  sediment  transport  curves  of  Figure  6-8  were 
derived  from  Figure  6-3  and  Figure  6-7,  in  the  following  manner: 
Velocities  for  the  same  discharges  in  both  stream  reaches  were  read 
from  the  curve  of  Figure  6-7.  In  the  example,  the  discharges 
selected  were  spaced  sufficiently  close  (every  50-75  cfs.  change)  to 
provide  adequate  plotting  points  for  drawing  a curve.  The  sediment 
transport  for  the  velocities  relating  to  the  discharges  were  read  from 
Curve  7,  Figure  6-3.  The  resulting  data  enabled  plotting  of  the 
discharge-bedload  sediment  transport  curves  of  Figure  8. 

The  remainder  of  the  steps  in  this  problem  are  indicated  in  Table  6-3, 
which  shows  bedload  sediment  transport  determinations  for  the  80-foot 
bottom  width  and  60-foot  bottom  width  stream  reaches.  Column  1 
gives  the  range  in  discharge  for  a number  of  segments  of  the  reservoir 
release  hydrograph  of  Figure  6-5.  The  segments  are  so  selected  as 
to  facilitate  location  of  a point  (Column  2)  reflecting  a mean  value 
for  the  range.  The  elapsed  time  covered  on  the  hydrograph  by  the 
discharge  range  in  Column  1 is  given  in  Column  3.  Since  sediment 
transport  is  in  tons  per  day  per  foot  of  width  on  Figure  6-3  and 
Figure  6-8,  the  elapsed  time  is  converted  to  percent  of  24  hours 
in  Column  4.  Bedload  sediment  transport  in  tons  per  day  per  foot 
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FIGURE  6-5 

RESERVOIR  RELEASE  HYDROGRAPH 
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FIGURE  6-6 

VELOCITY -AREA  CURVE 
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FIGURE  6-7 

VELOCITY- DISCHARGE  CURVE 
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of  width  in  Column  5 is  the  intersection  of  the  mid-point  value  in 
Column  2 with  the  curve  on  Figure  6-8  for  the  appropriate  channel 
reach.  Bedload  sediment  transport  is  the  product  of  the  data  in 
Columns  4 and  5 and  the  bottom  width  of  the  respective  reach. 

The  results  of  the  procedure  applied  to  the  example  show  that  equili- 
brium transport  could  be  maintained  if  the  maximum  reservoir  release 
were  about  150  cfs.  Beyond  that  discharge,  the  improved  section 
would  aggrade  with  about  57  percent  of  the  incoming  bedload  sediment 
moving  through.  At  a maximum  release  rate  of  500  cfs.  aggradation 
could  soon  fill  the  channel,  depending  on  the  frequency  of  reservoir 
release  and  length  of  reach  over  which  the  deposit  would  accumulate. 
Presuming  the  release  rate  could  not  be  reduced  to  150  cfs.,  a great 
reduction  in  aggradation  could  be  achieved  by  a change  to  about  300 
cfs.  maximum  reservoir  release.  This  is  evident  from  the  data  on 
Table  6-3  and  the  increased  difference  in  transport  between  the  two 
reaches  at  the  higher  release  rates. 

The  effect  of  widening  the  improved  reach  to  that  of  the  upstream 
reach  would  need  to  be  re-evaluated  because  the  "n"  attributable  to 
the  channel  would  be  changed.  Determination  of  the  most  efficient 
channel  dimension  and  reservoir  release  commensurate  with  the  site 
limitation  may  require  several  trial  and  error  computations. 

Bedload  sediment  transport  in  sand  bed  streams  with  constant  rough- 
ness. - - The  following  procedure  may  be  used  in  sand  bed  streams 
with  a median  size  larger  than  0.5  mm.  and  with  constant  bed  rough- 
ness. The  steps  to  be  taken  are  the  same  as  those  given  in  the 
example  6-7  except  for  the  variable  roughness  computations. 

Example  6-8 

Assume  that  stabilization  requires  construction  of  a concrete-lined 
channel  from  the  edge  of  the  foothills  of  a tributary  across  the 
floodplain  to  its  junction  with  the  main  stream.  The  natural 
channel  within  the  foothills  contains  a full  supply  of  coarse  sand 
with  a median  size  of  1.0  mm.  The  width  of  the  stream  averages  28 
feet  and  has  a gradient  of  0.0195  feet  per  foot.  The  slope  of  an 
alluvial  fan  just  downstream  from  the  foothill  zone  is  0.014  feet 
per  foot.  The  tributary  joins  another  tributary  which  has  a grade 
of  .006  feet  per  foot  at  the  junction. 

The  hydrology  and  hydraulics  of  the  proposed  improvements  show  that 
an  8 foot  wide  rectangular  section  will  be  required  to  handle  the 
tributary  flow  on  a grade  of  0.014  feet  per  foot,  whereas  a rectan- 
gular section  14  feet  wide  will  be  required  below  the  junction  of 
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Table  6-3 

Bedload  Sediment  Transport 
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the  two  streams.  Determination  of  relative  rates  of  bedload  trans- 
port in  the  natural  channel,  tributary  section  and  at  the  junction 
of  the  tributaries  is  necessary  to  predict  whether  the  lined  sections 
will  carry  the  introduced  bedload  or  whether  a debris  basin  may  be 
required. 

The  estimated  constant  "n"  for  the  3 stream  sections  is  .027  for  the 
28*  bottom-width  sand  bed  stream  above  the  concrete  lining  and 
.014  for  the  lined  sections. 

Figure  6-9  shows  a synthetic  hydrograph  for  a relatively  frequent 
event  and  Table  6-4  presents  the  mean  velocity  and  discharge  for 
stages  of  flow  that  would  be  experienced  during  the  runoff.  These 
correspond  to  Figure  6-5  and  Table  6-1  in  the  Procedural  Guide. 

The  derivation  of  Figure  6-10  (Velocity -Area  Curve)  and  Figure  6-11 
(Velocity-Discharge  Curve)  are  described  for  their  counterparts. 
Figures  6-6  and  6-7  in  the  Guide.  Curve  9,  Figure  6-3  of  the  latter 
was  extended  beyond  the  data  range  in  order  to  estimate  sediment 
transport  at  higher  velocities.  Rates  of  sediment  transport  per  foot 
of  width  on  Figure  6-12  for  the  3 described  channel  sections  is 
equivalent  to  Figure  6-8  of  Guide. 

Table  6-5  gives  the  results  of  Bedload  Sediment  Transport  calcula- 
tions in  the  3 sections.  The  results  show  that  the  steeper  concrete 
lined  section  between  the  tributary  junction  and  the  natural  channel 
can  carry  more  than  3 times  the  bedload  sediment  introduced  by  the 
storm.  However,  the  channel  below  the  junction  can  carry  little  more 
than  half  the  amount  introduced  from  the  natural  channel.  The  result 
would  be  a plugging  at  the  junction  and  backfilling  of  sediment  into 
the  contributing  channel.  About  50  percent  additional  inflow  of 
relatively  sediment  free  water  from  the  other  tributary  would  be 
necessary  for  prevention  of  a plug  forming  at  the  junction.  A basic 
reason  for  this  problem  developing  is  indicated  by  inspection  of 
Figure  6-12.  The  sediment  transport  curves  for  the  14*  lined  channel 
at  grade  of  .006  feet  per  foot  shows  rates  of  transport  slightly 
in  excess  of  that  for  the  28*  incoming  channel  section  per  foot  width. 
Since  the  latter  is  twice  as  wide,  transport  over  the  whole  width 
substantially  exceeds  that  of  the  lined  section.  The  need  for  con- 
struction of  a debris  basin  to  trap  the  bedload  sediment  is  indicated 
in  this  example. 

Slope  (Bank)  Stability  Analysis 

General 


A slope  stability  analysis  from  the  standpoint  of  strength  will  not 
be  required  for  all  channel  banks  - - in  fact,  it  may  not  be  required 
for  the  majority  of  channels.  However,  soil  conditions  and  all  of 
the  forces  that  may  act  on  a slope  should  be  carefully  considered 


6-45 


( s ^ o ) 39&VH0SIC! 


HYDROGRAPH 


6-47 


(oas/y)  A1I0013A 


6-51 


o 

o 

o 

o 

o 

o 

o 

o 

to 

ro 

( s -j-o)  39yvH0sia 


Table  6-4  - Mean  Velocity  Computations  - Three  Channel  Sections 
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in  deciding  whether  or  not  an  analysis  is  needed.  In  some  cases,  it 
may  not  be  economically  feasible  to  initially  construct  channel  banks 
in  accordance  with  design  requirements  imposed  by  high  water  table, 
quicksand  or  "soupy"  conditions,  or  other  adverse  soil  and  seepage 
pressure  conditions. 

It  should  also  be  recognized  that  it  may  be  impractical  to  provide 
absolutely  safe  channel  slope  designs  for  every  foot  of  many  channel 
sections.  Surface  and  subsurface  investigations,  sampling  and  testing 
of  soils  at  channel  sites  may  not  be  as  intensive  as  at  dam  sites. 
Stability  analyses  and  slope  design  will  generally  have  to  be  based 
on  dominant  conditions  with  adequate  provision  for  maintenance  of 
trouble  spots  that  may  show  up  during  or  after  construction  or  that 
may  not  be  large  enough  to  warrant  variation  in  the  design  of  the 
overall  project.  However,  in  some  situations  where  seepage  conditions 
may  be  limited  in  extent  and  in  critical  areas,  the  design  based  on 
dominant  conditions  may  be  modified  by  drainage  appurtenances  or  by 
a change  in  slope  inclination. 

The  banks  of  existing  channels  in  similar  soils  and  under  similar 
conditions  should  be  studied.  Past  experience  with  channel  banks 
under  similar  conditions  should  be  reviewed. 

The  design  of  most  channel  banks  from  the  standpoint  of  strength  will 
probably  depend  largely  upon  local  experience  and  past  performance; 
detailed  analyses  generally  will  be  limited: 

1.  to  those  sections  where  critical  soil  or  stress  conditions  are 
anticipated , 

2.  to  new  areas  in  which  experience  is  lacking, 

3.  to  high  hazard  areas  where  failure  would  cause  severe  damage. 

Too  often  instability  of  channels  is  blamed  on  erosional  activity 
or  on  bank  sloughing.  Actually,  many  channel  bank  failures  involve 
a combination  of  erosion  and  shear  failure,  such  as: 

1.  degradation  of  the  channel  bottom, 

2.  undercutting  of  a bank  because  of  channel  obstructions,  improper 
curvature,  or  other  factors  that  direct  channel  currents  toward 
the  bank, 

3.  loss  of  toe  support  for  a slope  from  internal  erosion  (piping). 

In  these  cases,  the  resistance  to  sliding  is  reduced,  and  the  possi- 
bility of  slope  failure  is  increased,  even  though  the  original  slope 


6-56 


was  stable  before  erosion  occurred.  These  factors  should  be  care- 
fully considered  in  evaluating  past  performance  of  channels. 

The  object  of  a stability  analysis  is  to  determine  the  factor  of 
safety  for  the  most  critical  combination  of  stresses  and  boundary 
conditions  anticipated.  A good  estimate  of  the  location  of  the 
critical  surface  can  usually  be  made  by  considering  that  the  failure 
surface  will  tend  to  follow  the  path  of  least  resistance,  e.g., 
through  or  along  material  with  the  lowest  shear  strength. 

Types  of  Slides  and  Methods  of  Analysis 

No  one  method  of  slope  stability  analysis  is  applicable  to  all 
conditions.  The  type  of  potential  slope  failure  and  the  location 
of  the  critical  zone  or  plane  of  weakness  generally  dictate  the 
method  of  analysis  to  be  used. 

Rotational  slides.  - - Rotational  slides  are  those  in  which  the 
sliding  soil  mass  moves  on  a circular  arc  failure  surface  through 
any  section  of  the  slope  or  the  channel  bottom. 


This  type  of  failure  generally  occurs  in  plastic  soils. 

A Swedish  slice  method— ^ is  used  to  analyze  rotational  slides  on 
circular  failure  arcs  through  levees , natural  banks , or  combinations 
thereof.  This  method  is  most  applicable  to  soils  that  exhibit 
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cohesion;  it  may  be  used  in  the  no  seepage,  steady  seepage  and  rapid 
drawdown  conditions. 

Although  Taylor's—^  charts  of  stability  numbers  do  not  consider 
seepage,  these  charts  may  be  used  for  rough  determinations  and  prelim- 
inary solutions  in  homogeneous  cohesive  soils , provided  a conservative 
factor  of  safety  is  used.  If  a channel  is  stable  from  an  erosional 
standpoint  and  deep  drying  cracks  are  not  likely  to  occur,  bank 
stability  in  homogeneous  cohesive  soils  is  generally  not  a problem 
for  channel  depths  less  than  about  eight  feet. 

5 5/ 

Janbu^-'  has  developed  an  analytical  method  for  cohesive  materials 
for  cases  of  0 = 0 and  0 0.  Charts  and  graphs  are  presented  for 
wet  slopes  in  which  submergence  and  drawdown  are  considered  and  for 
dry  slopes.  Effects  of  surcharge  and  tension  cracks  are  also  included. 
This  method  is  limited  to  homogeneous  levees,  with  single  layer 
foundations  or  base  materials,  and  no  seepage. 

Trans latory  slides.  - - Translatory  slides  are  those  in  which  the  soil 
mass  moves  on  a zone  of  weakness  that  can  be  identified  as  the  base 
for  sliding. 


Ground 
s'  Surfoce 


Foilurc 
Surface 


Weak 

Layer 


This  type  generally  occurs  as  a slide  in  a weak  clay  seam  (stratum) 
or  where  uplift  pressure  is  excessive. 

1.  The  sliding  wedge  method—/  is  applicable  to  translatory  slides 
along  weak  planes  at  or  above  the  bottom  of  the  channel  and 
roughly  parallel  to  the  ground  surface.  This  method  is  used  in 
connection  with  either  the  no  seepage  or  the  steady  seepage  con- 
ditions; it  is  difficult  to  evaluate  the  pore  water  effects  in 
this  method. 

2.  The  infinite  slope  method  of  analysis  is  applicable  to  slopes  of 
non-cohesive  materials  that  are  subject  to  either  steady  seepage 
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or  rapid  drawdown  conditions.  This  method  of  analysis  assumes 
the  soil  mass  slides  parallel  to  the  slope. 

Boundary  Conditions  and  Parameters  Affecting  Slope  Stability 

Effects  of  Water 

The  stability  of  channel  banks  is  affected  by  the  amount  of  water 
in  the  soil  mass,  the  pressure  head  on  the  water,  and  the  directional 
movement  of  water  in  the  pores  of  the  soil.  The  weight  of  the  soil 
varies  with  moisture  content  which  in  turn  affects  the  forces  acting 
on  the  soil  mass.  The  effect  of  moisture  in  terms  of  pore  pressure 
alters  the  resistance  of  soil  to  sliding  failure,  i.e.,  seepage 
pressure  will  lower  strength  whereas  surface  tension  in  moist  soil 
will  increase  the  strength  in  relation  to  the  saturated  strength. 

Steady  seepage.  - - When  gravitational  water  moves  through  saturated 
soils,  seepage  forces  are  set  up  by  the  frictional  drag  exerted  on 
the  soil  particles.  These  forces  are  functions  of  the  head  losses 
or  hydraulic  gradient  through  the  soil  mass.  When  flow  moves  from 
the  bank  into  the  channel,  the  resultant  seepage  forces  decrease  the 
stability  of  the  bank. 

The  maximum  anticipated  elevation  to  which  ground  water  may  develop 
or  the  maximum  pressure  that  may  develop  in  shallow  aquifers  should 
be  considered.  The  water  level  and  pressure  conditions  at  the  time 
of  investigation  may  not  be  the  most  critical  condition.  For  example, 
downstream  from  a storage  dam  the  ground  water  level  in  the  valley 
may  rise  considerably  after  the  dam  is  constructed.  When  water 
table  conditions  are  involved  in  channel  bank  stability  studies, 
water  movement  should  generally  be  considered  in  a horizontal  dir- 
ection. Banks  consisting  of  fine  sands  and  non-cohesive  silts  are 
especially  prone  to  slough  under  high  water  table  conditions; 
stability  of  banks  in  these  materials  may  not  be  achieved  until  the 
ground  water  has  been  lowered. 

Under  conditions  of  permanent  low  ground  water  where  no  seepage 
flow  is  assumed  out  of  the  bank,  seepage  forces  can  be  neglected 
in  the  slope  stability  analysis.  However,  prolonged  heavy  rains 
can  saturate  a portion  of  the  soil  profile,  especially  if  the 
profile  is  stratified,  and  bring  water  forces  into  consideration. 

Drawdown.  - — Drawdown  is  the  lowering  of  the  water  level  against 
a channel  bank.  When  the  water  stands  for  some  time  against  an 
earth  slope,  such  as  an  irrigation  canal,  the  soil  becomes  satu- 
rated. Rapid  drawdown  presupposes  a sufficiently  quick  withdrawal 
of  the  water  in  the  channel  so  that  the  soil  in  the  banks  remains 
saturated.  Outflow  from  the  banks  is  considered  to  move  hori- 
zontally. 
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Shear  Strength 

The  results  of  drained  shear  tests  produce  the  best  strength  parameters 
for  stability  analysis  of  channel  banks  when  all  seepage  forces  are 
considered.  Shear  strengths  from  saturated  unconfined  compression 
tests  or  vane  shear  tests  may  be  used  for  highly  plastic  soils.  Results 
from  consolidated,  undrained  shear  tests  may  be  used  in  lieu  of  results 
from  drained  shear  tests  when  the  former  are  considered  adequate  and 
representative  or  when  pore  water  pressures  are  measured. 

Unloading  by  excavation  and  the  subsequent  weathering  of  some  bank 
materials  may  lead  to  swelling,  cracking,  decrease  in  density,  and  loss 
of  shear  strength.  Under  these  conditions,  the  shear  strength  obtained 
from  tests  on  unweathered  samples  must  be  adjusted  downward  on  the 
basis  of  knowledge  of  the  material,  past  experience,  and  judgement.—' 

Unless  shear  tests  have  been  made  on  materials  in  spoil  banks  or 
levees,  the  shear  strength  of  these  materials  should  be  ignored  in  the 
resisting  forces.  The  weight  of  such  materials  must  be  considered  in 
the  driving  forces,  however. 

Seismic  Forces 

The  effect  of  earthquake  shocks  can  be  ignored  in  the  stability 
analyses  of  channel  banks  in  a large  portion  of  the  United  States. 
However,  in  some  areas  (the  Western  States  in  particular)  seismic 
effects  should  be  valuated  as  a design  factor,  when  a slide  would 
result  in  costly  property  damage  or  loss  of  life. 

The  designer  should  review  the  following  references  for  information  on 
earthquake  history  and  seismic  effects  on  dams: 

"Earthquake  History  of  the  United  States," 

U.  S.  Department  of  Commerce,  Coast  and 
Geodetic  Survey  Bulletin  No.  41-1. 

"Seismic  Stability  of  Earth  Dams"  by 

E.  E.  Esmiol,  U.S.B.R.  Technical  Memorandum 

No.  641. 

It  is  suggested  that  seismic  loadings  be  obtained  from  Figure  17  of 
Technical  Memorandum  No.  641.  These  loads  are  assumed  to  act  horizon- 
tally in  the  direction  of  instability  and  should  be  applied  to  the 
worst  condition  other  than  rapid  drawdown. 

In  lieu  of  values  from  Figure  17,  earthquake  effects  may  be  included 
by  the  addition  of  a horizontally  directed  inertial  force  of  0.1  g, 
i.e.,  the  stress  increase  is  0.1  of  the  weight  of  material  above  the 
slip  surface. 
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Surcharge 

Surcharge  loads,  such  as  levees,  spoil  banks  and  roadways  near  the 
top  of  channel  banks  should  be  avoided  or  minimized  when  possible, 
especially  those  conditions  shown  in  the  figure  below.  In  this 
situation,  the  driving  forces  are  increased  by  the  weight  of  the 
excavated  material  placed  at  the  top  of  the  bank.  In  addition, 
free  runoff  of  surface  water  is  prevented.  The  seeping  water  from 
the  land  side  of  the  spoil  bank  weakens  the  soil  in  the  zone  of 
possible  failure  and  increases  its  unit  weight.  The  resisting 
forces  are  decreased,  and  the  driving  forces  are  increased. 


When  levees  or  spoil  banks  are  located  away  from  the  edge  of  the 
channel  bank  so  as  to  leave  a berm  at  the  ground  surface,  the 
forces  tending  to  cause  shear  failure  or  sloughing  of  the  channel 
bank  are  considerably  reduced.  NEH,  Section  16^-/,  pages  6-18 
and  6-19,  contains  a discussion  on  natural  ground  berms  and  spoil 
banks . 

If  surcharge  loads  will  exist,  they  should  be  considered  in  the 
stability  analysis  of  channel  banks.  The  largest  anticipated 
value  of  the  unit  weight  of  soil  in  levees  and  spoil  banks  should 
be  used  in  the  analyses.  Unit  weights  will  vary  with  soil  types, 
moisture  contents,  and  methods  of  placement.  For  example,  the  unit 
weight  of  materials  placed  by  dragline  may  vary  considerably  from 
the  unit  weight  of  material  placed  by  hauling  equipment. 
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The  line  load,  plus  the  appropriate  roadbed  surcharge  load,  should  be 
included  in  the  stability  analysis  when  roads  will  be  located  adjacent 
to  banks,  on  berms  or  on  levees  of  channel  projects. 

Tension  Cracks 

Experience  has  shown  that  the  upper  portion  of  most  cohesive  slopes 
is  initially  in  a state  of  tension.  The  depth  to  which  tension 
extends  can  be  roughly  estimated  by  the  following  equation: 

He  = 2-Cm  tan  (45°  + 

^m  2 

where  terms  are  as  defined  in  glossary. 

In  a stability  analysis,  the  depth  of  tension  cracks  should  not  be 
extended  below  the  water  table  or  over  one-half  the  height  of  the 
slope.  For  a vertical  bank,  the  location  of  greatest  tensile  stress 
is  back  from  the  edge  of  the  cut  a distance  equal  to  approximately 
one-half  of  the  height.  The  cohesion  portion  of  the  shear  strength 
should  not  be  used  in  the  zone  of  cracking.  The  hydrostatic  pressure 
created  by  water  in  the  cracks  should  be  added  to  the  driving  forces. 

Cracks  caused  by  excessive  shrinkage  may  exist  in  some  soils  to 
greater  depths  than  the  tension  zone  previously  discussed.  The  soils 
generally  most  susceptible  to  shrinkage  cracking  are  clays  having 
liquid  limits  greater  than  40  and  plasticity  indexes  greater  than  20. 


In  clay  soils  where  the  water  table  is  low,  shrinkage  cracks  may 
develop  in  channel  banks  as  shown  in  the  above  sketch,  regardless  of 
the  slope  of  the  bank.  Blocks  of  soil,  as  indicated  by  the  cross- 
hatched  lines,  are  further  weakened  by  water  in  the  channel  and 
eventually  are  moved  from  the  bank.  Under  these  conditions,  channel 
banks  tend  to  become  vertical.  A similar  situation  occurs  in  dry 
soils  having  a columnar  structure,  such  as  loess. 

None  of  the  methods  of  stability  analysis  presented  in  this  section 
are  directly  applicable  to  a solution  involving  the  shrinkage  condition 
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Factors  of  Safety  Against  Sliding 

The  end  result  of  all  methods  of  slope  stability  analyses  is  a 
comparison  of  the  forces  that  cause  sliding  with  those  that  resist 
sliding.  The  ratio  of  the  resisting  forces  to  the  driving  forces 
is  the  factor  of  safety  against  sliding. 

The  minimum  acceptable  factor  of  safety  is  dependent: 

1.  on  the  method  of  analysis  used, 

2.  on  whether  all  loads  and  forces  on  the  banks  have  been  considered 
and  included  in  the  analysis, 

3.  on  strength  parameters  that  may  have  to  be  correlated  or  esti- 
mated to  a considerable  extent  because  of  limited  intensity  of 
investigation  and  testing. 


Piping  is  the  movement  of  soil  particles  by  percolating  water  and 
the  subsequent  development  of  internal  channels  or  pipes.  The 
formation  of  pipes  in  the  periphery  of  a channel  reduces  support 
for  the  toe  of  the  slope;  this  loss  of  support  may  eventually 
create  an  unstable  bank. 

When  hydrostatic  pressure  exists  in  a sub-stratum  at  a planned 
project  site,  this  pressure  may  become  excessive  when  overburden 
materials  are  removed,  with  the  result  that  heaving  and  piping  may 
occur  in  the  bottom  and/or  banks  of  channel.  After  excavation  of 
the  channel,  the  effective  weight  of  the  soil  overlying  the  stratum 
under  hydrostatic  pressure  must  be  greater  than  the  uplift  pressure 
if  the  channel  is  to  be  stable.  In  order  to  make  an  analysis,  the 
hydrostatic  pressure  must  be  determined  by  piezometers  or  other 
means . 

Water  impounded  in  a reservoir  may  increase  the  uplift  pressure  on 
a channel  downstream  from  a dam.  In  those  cases  where  a less 
pervious  blanket  overlies  a more  pervious  atum,  the  uplift 


In  the  case  where  an  aquifer  lies  above  the  bottom  of  a channel, 
it  may  be  necessary  to  construct  a flow  net  to  determine  the  exit 
gradient  for  use  in  a piping  analysis. 

The  minimum  acceptable  factor  of  safety  against  heaving  and  piping 
is  generally  1.5. 


Piping 


analysis  may  be  made  by  blanket  equations. 
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General 


Stabilizing  Measures 


When  the  preliminary  design  for  an  earth  channel  indicates  that  the 
allowable  tractive  force  and  velocity  will  be  exceeded,  consideration 
should  be  given  to  vegetation  or  structural  stabilization. 

Stabilizing  measures  can  be  classified  broadly  into  three  groups  - - 
bank  protection,  channel  linings,  and  grade  control  structures. 

Bank  protection  and  channel  linings  protect  the  channel  surfaces 
from  erosion  caused  by  movement  of  water  and  transported  materials 
and  from  shallow  surface  sliding. 

Grade  control  structures  may  be  used  to  reduce  the  channel  bottom 
grade  with  a resulting  reduction  in  velocity  and  scour,  to  control 
overfalls  at  the  head  end  of  channels,  and  to  control  the  discharge 
from  tributary  channels. 

The  selection  of  a particular  measure  or  combination  of  measures 
should  be  based  on  sound  engineering  and  agronomic  principles  for 
each  particular  situation  since  channel  stabilizing  problems  can  vary 
considerably  from  one  location  to  another. 

Except  in  narrowed  channels,  protective  elements  should  approximate 
natural  roughness.  Revetments  should  be  as  coarse  in  texture  as 
natural  banks.  Retards,  baffles  and  jetties  should  simulate  the 
effect  of  trees  and  boulders  along  natural  banks  and  in  overflow 
channels . 

Bank  Protection 


Under  certain  conditions  channel  stability  may  be  obtained  by  pro- 
viding protection  to  the  banks  only.  Examples  are  at  sharp  changes 
in  alignment  and  at  bridges,  culverts,  or  grade  control  structures 
where  the  bottom  is  stable. 


„ „ 21/  39/  40/ 

Vegetation- — — — 

Vegetation  may  be  considered  for  sites  suitable  to  good  vegetative 
growth.  It  can  be  used  alone  or  in  conjunction  with  structural 
measures  to  provide  a more  effective  and  permanent  type  of  protection. 
It  may  be  necessary  to  use  temporary  materials  to  protect  the  seed- 
lings or  plants  against  erosion  from  wind  and  runoff  during  the  period 
of  establishment. 


Permissible  velocities  for  vegetative  cover  are  given  in  Table  3 of 
SCS-TP-61— This  table  indicates  a range  of  velocities  from 
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2.5  f.p.s.  for  easily  erodible  soil,  to  8.0  f.p.s.  for  erosion- 
resistant  soil.  Velocities  exceeding  5.0  f.p.s.  should  not  be 
used  except  where  good  cover  and  proper  maintenance  are  assured. 

Conditioned  Earth 

Conditioned  earth  may  be  used  to  increase  the  stability  of  channels 
with  stable  bottoms  by  providing  denser,  more  erosion-resistant 
soil  in  the  channel  banks.  Earth  banks  may  be  "conditioned"  by 
the  following  methods:  (See  page  29  of  39/) 

1.  Compacting  the  existing  soil  in  the  shaped  channel  to  a 
greater  density. 

2.  Over-excavating  to  a larger  cross  section  than  necessary,  and 
placing  a compacted  less  permeable  soil  as  a lining.  Both 
methods  1 and  2 are  not  easily  adaptable  to  slopes  steeper 
than  3 to  1. 

3.  By  adding  chemicals  to  the  soil. 

Revetments  — ^ ^ — ' 

Revetments  of  various  types  may  be  used  to  stabilize  channel  banks. 

Retards  and  permeable  jetties.  - Retards  and  permeable  jetties 
are  extensive  or  multiple-unit  structures  composed  of  open  forms 
like  piling,  fencing,  and  unit  frames.  However,  their  function 
and  alignment  are  different. 

Retards  are  placed  parallel  to  erodible  banks  of  channels  on 
stable  gradients  where  the  prime  purpose  is  to  lessen  the  tan- 
gental  or  impinging  stream  velocities  sufficiently  to  prevent 
erosion  of  the  bank  and  to  induce  deposition.  As  a remedial 
measure,  the  prime  purpose  may  be  deposition  near  the  bank  in  deep 
channels  or  restoration  of  an  eroded  bank  by  accretion. 

Retards  may  be  used  alone  (see  Fig.  189  of  43/)  if  the  bank  will 
be  protected  by  deposition  behind  the  retard,  or  by  establishment 
of  vegetation,  otherwise  they  should  be  used  in  combination  with 
an  armor  protection.  (See  Fig.  190  of  43/)  Retards  may  permit 
use  of  a lighter  type  of  armor  or  they  may  be  used  as  toe  protection 
of  armor  revetments  when  a good  foundation  for  the  revetment  is 
impractical  because  of  high  water  or  extreme  depths  of  poor  soil 
materials . 

On  tangent  reaches  where  the  channel  is  narrow,  retards  may,  by 
slowing  the  velocity  on  one  side,  affect  an  increase  in  velocity 
on  the  other.  In  wide  reaches  of  a meandering  stream  retards  may 
reduce  an  impinging  attack  as  well  as  have  beneficial  effect  on 
the  opposite  bank  by  slowing  a rebounding  high  velocity  wave. 
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Permeable  jetties  are  placed  at  an  angle  with  the  channel  bank  and 
are  generally  used  in  meandering  streams  to  direct  the  current  away 
from  the  bank.  (See  Fig.  191  of  43/)  They  encourage  deposition 
of  bed  material  and  growth  of  vegetation,  but  where  retards  build  a 
narrow  strip  in  front  of  the  bank,  permeable  jetties  cover  a wider 
area  roughly  limited  by  the  envelope  of  the  outer  ends. 

Timber  piling.  - - Timber  piling  retards  and  jetties  may  be  of 
single,  double  or  triple  rows  of  piles  with  the  outside  or  upstream 
row  faced  with  wire  mesh  or  woven  wire  fencing  material  which  adds 
to  the  retarding  effect  by  trapping  light  brush  or  debris.  This  type 
of  retard  is  particularly  adapted  to  larger  channels  where  the  piles 
will  remain  in  the  water,  removed  from  the  fire  hazard  of  brushy 
banks.  The  number  of  pile  rows  and  amount  of  wire  may  be  varied  to 
control  the  deposition  of  material.  In  leveed  channels,  it  is  often 
desirable  to  discourage  accretion  in  order  not  to  constrict  the 
channel  but  still  provide  sufficient 'retarding  effect  to  prevent  loss 
of  bank  protection  such  as  vegetation  or  small  rock  riprap.  When 
used  as  jetties,  the  purpose  is  to  encourage  deposition  of  material 
and  protect  vegetation.  Assuming  negligible  fire  hazard,  the  wood 
may  be  treated  with  preservative  to  provide  a long  life  (Fig.  195  of 
43/). 

Fence  types.  - - For  smaller  channels  or  areas  of  less  frequent  flood 
flow  attack,  such  as  overflow  areas,  single  and  double  rows  of 
various  types  of  fencing  may  be  used.  (Figs.  202-205  of  43/)  All 
metal  types,  such  as  pipe-and-wire  or  rail-and-wire , are  more  suitable 
when  conditions  are  conducive  to  the  growth  of  brush  that  presents 
a serious  fire  hazard  to  wooden  posts.  Details  of  typical  designs 
of  pipe-and-wire  retards  are  found  in  Figs.  206  and  207  of  43/ . 

The  principal  difference  between  fence  retards  and  ordinary  woven 
wire  fences  is  the  posts  of  retards  must  be  driven  sufficiently  deep 
to  avoid  loss  by  scour. 

When  it  is  necessary  to  reduce  the  permeability  as  an  aid  in  direct- 
ing the  stream,  as  is  frequently  required  at  earth  fills  behind 
bridge  abutments,  self-adjusting  wire  baskets  43/  may  be  used  and 
filled  with  alternate  layers  of  rock  and  brush. 

Permeability  can  be  varied  to  meet  the  requirements  of  the  location. 
For  single  fences,  the  factor  most  readily  varied  is  the  pattern  of 
the  wire  mesh.  For  multiple  fences,  the  mesh  pattern  can  be  varied 
or  the  space  between  fences  can  be  filled  to  any  desired  height. 
Making  optimum  use  of  local  materials,  this  fill  may  be  brush 
ballasted  by  rock,  or  rock  alone. 
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Jacks  and  tetrahedrons.  - These  devices  are  skeletal  frames  adapt- 
able to  permeable  retards  and  jetties  by  tying  a number  of  similar 
units  together  in  the  desired  alignment. 

They  serve  best  in  meandering  channels  that  carry  considerable 
bedload  during  flood  stages.  Impedance  of  the  stream  along  the 
string  of  units  causes  deposition  of  bed  material,  especially  at 
the  crest  of  flow  and  during  falling  stages.  Beds  of  such  streams 
often  scour  on  the  rising  stage,  undercutting  the  units  and  caus- 
ing their  subsidence,  and  rotation  when  one  leg  or  side  is  undercut 
more  than  the  other.  Deposition  on  the  falling  stage  usually 
restores  the  former  bed  and  partially  or  completely  buries  the 
units.  However,  in  the  lowered  and  rotated  position,  they  may  be 
completely  effective  during  future  flood  flows. 

Selection  of  jacks  and  tetrahedrons  may  be  influenced  by  location 
in  or  near  urban  or  recreational  areas.  Unless  the  units  will  be 
screened  by  natural  vegetation,  attention  should  be  given  to  their 
appearance.  Where  units  may  become  "attractive  nuisances,"  details 
should  avoid  sharp  points  and  edges  or  other  features  dangerous  to 
children. 

Rock  riprap  (not  grouted) . - This  kind  of  protection  consists  of 
rock  courses  placed  either  directly  upon  the  bank  slopes  or  on 
gravel  filters  on  bank  slopes.  (See  Fig.  152  of  43/) 

Where  stones  of  sufficient  size  and  quality  are  available,  it  may 
be  the  most  economical  type  of  revetment  and  has  the  following 
advantages : 

a.  It  is  flexible. 

b.  Local  damage  or  loss  is  easily  repaired  by  the  addition  of 
rock. 

c.  Appearance  is  natural,  hence  acceptable  in  recreational  areas. 

d.  Vegetation  may  grow  through  the  rocks  adding  structural  value 
to  the  bank  material  and  restoring  natural  roughness. 

e.  Additional  thickness  can  be  provided  at  the  toe  to  offset 
possible  scour  when  it  is  not  feasible  to  found  it  upon  a solid 
foundation . 

f.  Wave  runup  is  less  (as  much  as  70%)  than  with  smooth  linings. 

g.  It  is  salvable.  The  rock  may  be  stockpiled  and  re-used  if 
necessary. 
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h.  Rock  slope  protection,  more  than  any  other  type,  adopts  a non- 
uniform  widely  varying  material  to  a structural  purpose,  with 
gravity  alone  holding  the  stone  together. 

Rock  riprap  should: 

a.  Assure  stability  of  the  protected  bank  as  an  integral  part  of 
the  channel  as  a whole.  For  this  major  objective,  the  ideal 
condition  for  stability  is  a straight  channel  or  a gently  curved 
channel  with  its  outer  bank  rougher  and  more  erosion  resistant 
than  the  inner  bank. 

b.  Tie  to  stable  natural  bank,  bridge  abutments  or  other  fixed 
improvements  with  transitions  designed  to  ease  differentials  in 
alignment,  grade,  slope  and  roughness  of  banks. 

c.  Eliminate  or  ease  local  irregularities  so  as  to  streamline  the 
protected  bank. 

Rock  and  wire  mattress  (gabion  revetment) . - This  type  of  bank 
protection  consists  of  connected  flat  mats  fabricated  of  wire  mesh 
or  woven  wire  fencing  filled  with  rock  and  adequately  anchored  to 
the  bank.  (See  Fig.  363  of  43/) 

As  a revetment,  its  application  has  been  limited  to  locations  where 
the  rock  economically  available  is  too  small  for  ordinary  rock 
riprap,  or  where  grouted  protection  is  unsuited  because  of  fineness 
of  stone  or  insecurity  of  bedding  or  foundation.  Alternatives  of 
wire  strength  and  mat  sizes  make  rock  and  wire  mattresses  adaptable 
to  a wide  range  of  exposure  to  hydraulic  forces,  but  the  lighter 
exposures  are  served  more  economically  by  reticulated  revetment. 

The  most  common  use  of  rock  and  wire  mattresses  has  been  to  provide 
flexible  toe  protection  for  other  types  of  bank  protection  as  shown 
in  Figs.  179-181  of  43/.  The  mat  will  adjust  itself  by  flexure  and 
subsidence,  and  block  the  progress  of  erosion  and  scour  that  might 
threaten  the  toe  of  the  bank.  This  type  has  not  performed  well  on 
curves  (Figs.  182,  325  of  43/),  where  settlement  requires  extending 
or  shortening  of  the  length  of  the  mat.  It  is  more  adapted  to 
tangent  reaches  when  the  mat  has  sufficient  strength  to  hang  suspended 
when  deep  or  uneven  scour  occurs.  Its  life  and  that  of  the  bank 
protection  above  depend  on  the  durability  and  strength  of  the  wire. 
Therefore,  rock  and  wire  mats  should  have  a longer  service  life  in 
drier  climates  and  mature  channels  carrying  mud  and  silt  (but  not 
gravel  and  stones  that  would  abraid  and  shorten  the  life  of  the  wire 
mesh) . 
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Considering  the  high  cost  of  the  labor  involved,  the  questionable 
service  life  of  the  wire,  and  the  efficiency  of  modern  methods  of 
excavating  for  toe  protection,  use  of  this  type  of  bank  protection 
has  declined. 

Reticulated  revetment.  - Wire-mesh  netting  is  useful  in  revetment 
work  to  confine  rock  that  by  itself  would  be  too  light  to  resist 
the  erosive  forces  of  the  stream  flow.  It  may  be  used  as  a cover 
for  banks  over  which  a layer  of  rocky  material  has  been  placed. 

The  size  of  the  mesh  must  be  small  enough  to  confine  the  majority 
of  the  stones.  Although  some  small  stones  may  wash  through  the 
netting,  there  will  remain  a top  layer  of  larger  stones  which,  in 
turn,  will  confine  the  small  stones  underneath. 

The  netting  is  placed  over  the  rocky  slope  and  pinned  by  means  of 
short  lengths  of  reinforcing  bar  hooked  at  the  top.  Brush  may 
grow  through  the  wire  and  provide  additional  anchorage.  An 
application  of  this  type  is  shown  in  Fig.  187  and  typical  design 
details  are  shown  in  Fig.  188  of  43/.  If  the  channel  bed  material 
is  gravel,  the  wire  may  serve  as  a flexible  toe  protection  by 
extending  it  into  the  channel  bed  and  weighting  the  toe  end. 

Sacked  concrete  riprap.  - This  method  of  protection  consists  of 
facing  the  banks  with  sacks  filled  with  dry  concrete  mix.  Much 
hand  labor  is  required  bun  it  is  simple  to  construct  and  adaptable 
to  almost  any  contour.  A photograph  of  this  type  of  installation 
is  shown  in  Fig.  169  and  typical  plans  adapted  to  several  slopes 
are  reproduced  in  Figs.  170  and  171  of  43/. 

Sacked  concrete  is  an  expensive  but  commonly  used  type  of  revet- 
ment. Where  both  ledge  rock  and  gravel  are  readily  available, 
sacked  concrete  may  cost  four  to  five  times  as  much  as  an  equal 
quantity  of  rock.  It  is  almost  never  used  unless  suitable  stream 
gravel  is  available  at  the  location  and  satisfactory  rock  is  not. 

Dry  pack  may  be  an  excellent  device  for  subaqueous  placement,  for 
initial  foundation,  or  repair  of  undercuts.  It  is  also  adaptable 
for  protection  or  repair  of  small  areas. 

In  many  locations,  the  smoothness  of  sacked  concrete  is  very  un- 
desirable and  its  use  may  require  surface  roughening.  Projecting 
dowel  bars  and  honeycombed  surface  concrete  have  been  used  for 
this  purpose. 

Portland  cement  concrete  articulated  block.  - This  type  of  revet- 
ment consists  of  small  precast  concrete  blocks  held  together  to 
form  a flexible  mat.  A typical  installation  is  shown  in  Fig.  115 
of  43/. 
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In  this  type  of  installation,  the  blocks  contain  wire-mesh  rein- 
forcement with  rebars  extending  out  from  each  edge  and  bent  into 
an  eye  at  one  edge  and  a hook  at  the  opposite  edge.  As  the  block 
is  placed,  the  open  hooks  are  put  through  the  eyes  of  the  adjacent 
blocks  and  closed.  It  is  easily  placed  and  is  desirable  from  an 
appearance  standpoint.  This  type  of  fabrication  becomes  compli- 
cated for  curved  contours  as  the  blocks  must  be  cast  in  different 
sizes  for  each  row.  Use  of  this  type  has  been  most  successful 
for  toe  protection  on  tangent  sections. 

Grouted  rock  riprap.  - This  type  of  revetment  consists  of  rock  riprap 
having  voids  filled  with  portland  cement  concrete  grout  to  form  a 
monolithic  armor.  A photograph  of  this  type  of  installation  is 
shown  in  Figs.  112,  159  and  a typical  plan  in  Fig.  160  of  43/.  It 
has  application  in  areas  where  rock  of  sufficient  size  for  ordinary 
rock  riprap  is  not  economically  available.  It  also  will  generally 
reduce  the  quantity  of  rock  needed  for  a given  job.  Grouting  not 
only  protects  the  stones  from  the  full  force  of  high  velocity 
water  but  integrates  a greater  mass  to  resist  its  pressure. 

Grouting  will  usually  more  than  double  the  cost  per  unit  volume  of 
stone,  but  the  use  of  smaller  stones  in  grouted  rock  slope  pro- 
tection than  in  an  equivalent  protection  using  ungrouted  stones 
permits  a lesser  thickness  of  protection  which  may  offset  to  some 
extent  the  cost  of  the  grout. 

As  this  type  of  protection  is  rigid  without  high  strength,  support 
by  the  banks  must  be  maintained.  Slopes  steeper  than  the  angle 
of  repose  of  the  bank  material  are  risky. 

Asphalt  concrete  paving.  - This  type  of  revetment  consists  of  a 
facing  of  asphalt  concrete  usually  reinforced  by  wire  mesh.  (See 
Fig.  175  of  43/)  Such  revetment  is  very  susceptible  to  damage 
from  hydrostatic  pressure  behind  the  pavement  and  should  not  be 
used  unless  relief  from  this  condition  can  be  provided  at  reason- 
able cost. 

It  has  found  most  use  in  bank  linings  where  drawdown  is  not  rapid 
and  water  pressure  acts  to  maintain  close  contact  between  the  paving 
and  the  bank.  It  has  been  used  without  reinforcement  as  a lining 
for  small  drainage  ditches  where  it  is  placed  and  compacted  by  hand. 
(See  Fig.  176  of  43/ .) 

Concrete  paving.  - This  method  of  protection  consists  of  paving  the 
bank  slopes  with  reinforced  portland  cement  concrete.  A photograph 
of  this  type  of  installation  is  shown  in  Fig.  162  and  typical  plans 
are  shown  in  Figs.  163  and  164  of  43/ . 
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It  is  particularly  adaptable  to  locations  where  the  hydraulic 
efficiency  of  smooth  surfaces  is  important.  On  a cubic  yard  basis, 
the  cost  is  high  but  as  the  thickness  is  generally  only  3 to  6 
inches,  the  cost  on  a basis  of  area  covered  will  usually  be  less 
than  for  sacked  concrete  slope  protection.  This  is  especially 
so  when  sufficiently  large  quantities  are  involved  and  alignment 
will  permit  the  use  of  mass  production  equipment  such  as  slip-form 
pavers . 

Because  of  the  rigidty  of  portland  cement  concrete  slope  paving, 
its  foundation  must  be  good  and  the  bank  slopes  stable. 

Bulkheads . - In  bank  protection,  a bulkhead  is  constructed  along 
a steep  slope  to  retain  the  bank  from  sliding  as  well  as  to  protect 
it  against  erosion.  (Fig.  226  of  43/ . ) 

Walls.  - - The  commonest  bulkhead  in  bridge  practice  is  the  wingwall 
(or  endwall)  serving  as  a transition  from  a rectangular  constriction 
to  a trapizoidal  channel.  The  commonest  forms  (Fig.  227  of  43/) 
are : 

1.  Straight  Endwall 

This  type  has  no  transitional  value  but  protects  approach 
against  eddy  erosion;  it  is  suitable  only  for  low  velocity 
in  poorly  defined  channel. 

2.  Straight  Wingwall 

This  type  also  has  no  transitional  value  but  protects  steep 
banks  which  support  the  approach  embankment. 

3.  Oblique  Wingwall 

This  is  a conventional  transition;  it  is  efficient  and  economical 
for  well-defined  channels  and  moderate  velocity.  Flare  angle  in 

degrees  should  be  limited  to  ~~  for  converging  and  for 

diverging  flow,  where  v is  the  velocity  in  f.p.s.  through  the 
constricted  section. 

4.  Tapered  Wall 

Tapering  the  grade  of  the  parapet  of  either  the  straight  or 
oblique  wingwall  is  common  practice  for  streams  of  moderately 
low  velocities.  By  matching  the  surcharge  slope  to  the  natural 
bank,  the  transition  progressively  exposes  this  slope  to  the 
low  velocity  boundary  of  the  varied  flow. 
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5.  Warped  Wall 

Tapering  the  slope  of  the  wall  from  vertical  at  the  abutment 
to  a stable-bank  slope  at  the  end  of  the  wall  makes  an 
excellent  transition  for  moderate  to  high  velocity. 

6.  Returned  Wall 

Building  the  standard  cantilever  wall  on  a curved  alignment 
returned  from  the  abutment  is  an  economical  solution  for  a 
combination  of  a vulnerable  approach  embankment  projecting 
into  a channel  with  durable  banks. 

Cribs.  - - Timber  and  concrete  cribs  are  used  for  bulkheads  in 
locations  where  some  flexibility  is  desirable  or  permissible 
(Figs.  229-233  of  43/) ♦ Using  backfill  for  stability,  cribs  are 
economical  in  the  use  of  structural  materials.  Their  rough 
surfaces  are  advantageous  in  all  natural  locations  where  banks 
are  exposed  to  high  velocities. 

Piling.  - - Timber,  concrete  and  steel  piling  are  used  for  bulkheads 
depending  on  deep  penetration  of  foundation  materials  for  all  or 
parts  of  their  stability.  Any  of  the  three  materials  is  adaptable 
to  sheet  piling  or  a sheathed  system  of  post  or  column  piles. 

(Fig.  234  of  43/.) 

Channel  Linings 

Channel  linings  are  used  to  protect  the  entire  channel  surface. 

Vegetation  is  the  most  commonly  used  protection  for  channels  with 
infrequent  flow,  relatively  low  velocities,  and  where  a good  stand 
can  be  established  and  maintained. 

Ungrouted  rock  riprap  may  be  used  for  channel  lining  where  soils 
are  not  suitable  to  vegetative  growth.  Such  lining  is  applicable 
to  the  inlet  and  outlet  of  channel  structures  for  stabilization  of 
bottom  and  banks. 

Where  it  is  necessary  to  conserve  water  by  limiting  or  eliminating 
seepage,  where  high  velocity  flow  occurs,  or  where  channel  operation 
at  high  hydraulic  efficiency  is  required,  durable,  relatively  im- 
pervious  linings  such  as  concrete  or  asphaltic  concrete  may  be  used. 
For  relatively  short  reaches  grouted  rock  riprap  may  be  used.  Such 
linings  may  be  required  where  channel  right-of-way  is  limited. 

The  usual  shape  of  cross  sections  for  vegetated  cover,  ungrouted 
rock,  grouted  rock,  asphaltic  concrete,  or  other  non— structural 
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sections  is  trapezoidal.  For  reinforced  concrete,  the  cross  section 
may  be  rectangular  or  trapizoidal.  The  type  of  protection  selected 
will  depend  almost  entirely  on  economics.  The  only  sure  way  to 
select  the  most  economical  material  is  to  prepare  a preliminary 
design  for  each  and  compare  annual  costs. 

As  a guide  to  trial  selection  of  the  type  of  lining,  the  following 
approximate  criteria  are  presented: 

1.  Rectangular  reinforced  concrete  channels  will  show  the  least 
annual  cost  when  velocities  are  high,  rights-of-way  are 
expensive,  and  wall  heights  are  15  feet  or  less. 

2.  Trapezoidal  R/C  channels  are  most  economical  for  the  above 
conditions  when  right-of-way  costs  are  more  moderate  and 
channel  wall  heights  are  quite  great  (usually  over  15  feet). 

3.  Loose  rock  lining  is  efficient  when  velocities  are  not  so 
great  as  to  require  extremely  large  rock  and  thick  sections, 
and  where  rock  and  filter  material  are  available  from  nearby 
sources . 

4.  Grouted  rock  lining  is  generally  economical  only  for  short 
reaches  of  high  velocity  flow  where  extremely  large  rock  would 
be  required  for  loose  rock  lining. 

5.  Channel  linings  constructed  of  asphaltic  concrete,  pneumatically 
applied  mortar,  pre-cast  R/C  slabs  are  usually  economical  on  an 
annual  cost  basis  only  in  special  situations  of  availability, 
short  project  life  requirements,  etc. 

Grade  Control  Structures  — ^ 

Various  types  of  structures  may  be  used  to  reduce  the  gradient  in 
channel  reaches  where  the  channel  materials  will  not  resist  the 
erosive  forces.  They  can  be  divided  into  two  classes  - - open  top 
structures  and  closed  conduit  structures. 

Open  top  structures,  such  as  drop  spillways  and  chutes,  may  be  con- 
sidered for  use  with  any  size  channels. 

Closed  conduit  structures,  such  as  culverts,  hooded  inlets  and  drop 
inlets  are  generally  used  in  relatively  small  channels. 

In  the  design  of  grade  control  structures  the  site  configuration, 
foundation,  conditions,  availability  of  construction  materials, 
hydraulic  and  structural  adequacy,  and  economic  factors  should  be 
considered . 
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Generally,  the  design  procedure  for  grade  control  requirements  should 
include  the  following: 

!•  For  the  channel  reach  selected,  determine  the  total  fall  between 
upstream  and  downstream  limits. 

2.  For  the  design  discharge,  the  selected  channel  dimensions  and  type 
of  channel  protection  generally  determine  the  maximum  stable 
channel  gradient.-^' 

3.  Using  the  total  fall,  length  of  channel  reach,  and  stable  grade, 
determine  the  amount  of  fall  to  be  controlled  by  structure(s) . 

4.  Select  the  type  and  size  of  grade  control  structures  needed, 
based  on  site  configuration,  foundation  conditions,  availability 
of  construction  materials,  hydraulic  and  structural  adequacy  and 
economic  factors. 

Since  channel  dimensions  and  type  of  protection  directly  affect  the 
stable  grade  and  the  amount  of  fall  to  be  controlled  by  structures, 
alternate  designs  should  be  made  to  select  the  most  practical  and 
economical  overall  plan. 

Open  Top  Structures  , , ,,, 

Straight  drop  spillway  — — . - - This  type  of  structure  is  efficient 

for  the  control  of  relatively  low  heads  normally  up  to  10  feet.  It 
is  very  stable  for  heads  less  than  10  feet  and  the  likelihood  of 
serious  structural  damage  is  more  remote  than  for  other  types  of 
structures.  However,  a stable  grade  below  the  structure  is  essential 
to  stability. 

A rectangular  weir  is  less  susceptible  to  clogging  by  debris  than 
the  openings  of  other  structures  of  comparative  discharge  capacities. 
When  properly  constructed,  maintenance  costs  are  lower  for  straight 
drops  than  for  other  types  of  grade  control  structures  for  most  em- 
bankment and  foundation  soil  conditions.  It  is  relatively  easy  to 
construct. 


Limitations  to  the  use  of  the  drop  spillway  are: 

a.  It  is  more  costly  than  some  other  types  of  structures  where  the 
required  discharge  capacity  is  less  than  100  c.f.s. 

b.  When  the  total  head  or  drop  is  greater  than  10  feet,  it  becomes 
costly  to  stabilize  this  type  of  drop  structure  against  sliding. 

c.  It  is  not  a favorable  structure  where  it  is  desired  to  use  tempo- 
rary spillway  storage  to  obtain  a large  reduction  in  discharge. 
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Box  inlet  drop  spillway  — ^ . - - The  box  inlet  drop  spillway  can  be 
used  for  the  same  purposes  as  a straight  drop  spillway.  One  of  its 
greatest  uses  is  for  grade  and  erosion  control  in  open  channels 
where  the  width  of  outlet  is  limited.  It  can  also  serve  as  a tile 
outlet  at  the  head  end  of  the  channel. 

It  is  particularly  adapted  to  narrow  channels  where  it  is  necessary 
to  pass  large  flows  of  water.  The  long  crest  of  the  box  inlet 
permits  large  flows  to  pass  over  it  with  relatively  low  heads,  and 
the  width  of  the  spillway  need  be  little,  if  any,  greater  than  that 
of  the  exit  channel.  The  box  inlet  drop  spillway  can  be  easily 
combined  with  a bridge  to  provide  a road  crossing.  The  high  portion 
of  the  sidewalls  can  be  used  as  abutments  for  the  bridge. 

The  structural  design  of  the  box  inlet  drop  spillway  is  more 
complex  than  for  straight  drop  spillways. 

46/ 

Island-type  spillway  — - . - - The  island-type  spillway  consists  of 
a drop  structure  in  the  channel  with  earth  emergency  spillways  for 
carrying  storm  flow  around  the  structure.  Either  the  straight 
drop  spillway  or  the  box  inlet  drop  spillway  can  be  used.  When 
the  weir  length  of  the  structure  is  greater  than  the  bottom  width 
of  the  channel,  the  box  inlet  drop  spillway  should  be  considered. 
This  type  of  spillway  is  adaptable  for  use  at  the  head  end  of 
channels  to  control  the  overfall.  It  is  particularly  adapted  to 
site  conditions  where  the  design  runoff  volume  is  greater  than  the 
capacity  of  the  outlet  channel  into  which  the  structure  empties. 

The  use  of  this  type  of  grade  control  structure  is  limited  to 
areas  where  there  is  sufficient  nearly  level  land  on  either  side 
of  the  channel  for  use  as  earth  spillways.  Topography  of  the 
ground  must  be  such  that  the  path  of  overflow  around  the  structure 
will  return  to  the  channel  locations  a short  distance  below  the 
structure  without  causing  damage  to  the  land  or  channel  banks. 

The  island-type  spillway  is  proportioned  so  that  the  channel  will 
be  full  before  the  overflow  around  the  dam  enters  the  channel, 
thereby  eliminating  the  possibilities  of  bank  erosion  from  flow 
over  the  bank.  To  accomplish  this,  the  crest  of  the  weir  must  be 
set  below  the  bottom  elevation  of  the  earth  spillway,  a distance 
sufficient  to  provide  a weir  notch  capacity  between  these  two 
points  equal  to  the  bank  full  capacity  of  the  channel  at  the  place 
where  the  flow  from  the  auxiliary  spillway  will  enter  the  channel. 
Larger  flows  will  then  pass  around  the  earth  embankment  of  the  drop 
spillway  forming  an  island  composed  of  the  drop  spillway  and  the 
headwall  extension  levees.  The  waterway  above  the  structure  must 
have  the  same  capacity  as  the  channel  below  the  dam  at  the  point  of 
overflow.  The  island  spillway  should  be  so  proportioned  that  earth 
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spillways  will  begin  to  flow  as  soon  as  the  channel  capacity  flow 
has  been  reached.  In  order  to  force  overflow  water  away  from  the  dam 
and  protect  the  fill  from  washing  out  around  the  dam,  levees  extend- 
ing each  way  from  the  dam  must  be  provided. 

The  island-type  structure  permits  the  use  of  a spillway  having  a 
capacity  less  than  would  be  required  to  handle  the  total  runoff  peak 
discharge.  It  requires  the  construction  of  auxiliary  spillways  in 
areas  that  may  be  cropland  where  maintenance  of  the  correct  grade 
and  elevation  is  difficult. 

Concrete  chute  spillway  46/ ^ concre^e  chute  is  parti- 

cularly adapted  to  high  overfalls  where  a full  flow  structure  is 
required  and  where  site  conditions  do  not  permit  the  use  of  a deten- 
tion-type structure. 

Chutes  may  be  more  economical  than  drop  inlet  structures  of  the  same 
capacity  and  drop  when  larger  capacities  are  required. 

Closed  Conduit  Structures 

Hooded  inlet  spillway  zh/ . - - The  hooded  inlet  spillway  is  best 
adapted  for  use  at  sites  where  the  pipe  can  be  installed  in  the 
original  ground.  Construction  is  complicated  when  the  pipe  is  placed 
in  the  embankment. 

The  hooded  inlet  spillway  will  flow  completely  full  for  conduit  slopes 
up  to  36  percent  (the  limit  of  present  tests)  if  the  length  of  the 
hood  is  properly  selected  and  the  head  on  the  inlet  is  sufficient. 

As  compared  with  the  drop  inlet,  it  has  the  advantage  that  no  riser 
is  required  and  there  is  less  fill  over  the  pipe.  It  is  simple  to 
fabricate  and  install  and  is  comparatively  low  in  cost. 

Drop  inlet  spillway— /.  - - The  drop  inlet  is  an  efficient  structure 
in  the  control  of  relatively  high  heads.  It  is  well  adapted  to  sites 
providing  an  appreciable  amount  of  temporary  storage  above  the  inlet. 
It  may  also  be  used  in  connection  with  relatively  low  heads,  as  in 
the  case  of  a drop  inlet  on  a road  culvert. 

For  high  heads,  drop  inlets  require  less  material  than  a drop  spillway 
under  similar  circumstances.  Where  an  appreciable  amount  of  temporary 
storage  is  available,  the  capacity  of  the  structure  can  be  materially 
reduced.  Besides  affecting  a reduction  in  cost,  this  reduction  of 
discharge  results  in  a lower  peak  channel  flow  below,  and  can  be  a 
favorable  factor  in  channel  grade  stabilization  and  flood  control. 

Drop  inlets  are  subject  to  plugging  by  debris.  They  are  limited  to 
locations  where  satisfactory  earth  embankments  and  emergency  spillways 
can  be  constructed. 


6-76 


Culvert  drop  box  — ^ . - - Drop  boxes  are  used  to  control  gradients 
above  culverts  in  either  natural  or  constructed  channels  and,  in 
addition,  they  may  serve  as  an  outlet  structure  for  tile  lines  in 
drainage  systems.  Cattle  ramps  can  be  incorporated  into  the  design 
of  the  box  when  the  culvert  is  used  as  a cattle  pass.  The  drop  box 
is  very  effective  for  roadway  erosion  control. 

The  drop  box  is  one  of  the  most  economical  structures  for  con- 
trolling overfalls  because  the  existing  culvert  and  roadway  embank- 
ment replaces  the  outlet  portion  of  the  typical  drop  spillway.  It 
has  the  advantage  of  the  box  inlet  drop  spillway  in  that  weir  length 
can  be  fitted  to  a narrow  waterway. 

Other  Structures 


General 

A comprehensive  channel  design  frequently  requires  the  incorporation 
of  one  or  more  of  the  following  structures  and/or  practices: 

1.  channel  crossings; 

2.  channel  junction  structures; 

3.  side  inlet  structures; 

4.  water  level  control  structures. 

Channel  Crossings 

Channel  crossings  are  required  where  private  or  public  roadways  pass 
over  the  channel.  Structures  used  for  this  purpose  are  stream  fords, 
culverts,  and  bridges. 

46 

Stream  fords”.  - - Stream  fords  are  installed  on  the  channel 
surface.  They  provide  the  most  economical  type  of  crossing.  They 
can  be  constructed  of  reinforced  concrete,  compacted  rock,  or  broken 
concrete . 

Stream  fords  are  best  suited  for  use  in  the  upper  ends  of  channels. 
They  should  not  be  installed  where  deep  flows  of  long  duration  will 
prevent  normal  use. 

Culverts.  - - Culverts  of  concrete  or  metal  pipes  also  provide  an 
economical  crossing  when  used  at  locations  where  the  flow  is 
relatively  small,  and  where  serious  resistance  to  the  flow  of  water 
is  not  a limiting  factor  in  overall  channel  design.  For  hydraulic 
design,  see  page  6-29  of  2_/ . 
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Bridges.  - - Bridges  of  concrete  or  timber  should  be  used  when 
necessary  on  most  open  channels  that  are  designed  to  capacity  on  low 
gradients.  Since  they  do  not  offer  serious  resistance  to  the  flow 
of  water,  they  are  preferred  over  culverts,  especially  for  high  flows. 
For  hydraulic  design,  see  page  6-32  of  2/. 

Channel  Junction  Structures 

Where  two  main  channels  join,  wave  formation  can  be  minimized  if  the 
two  flows  at  the  junction  are  as  nearly  parallel  as  possible.  The 
design  criteria  for  structures  at  a junction  of  2 trapizoidal  or  2 
rectangular  channels  is  shown  on  Fig.  6-4. 

Side  Inlet  Structures 


Provisions  should  always  be  made  for  lowering  surface  water  from 
adjoining  fields  to  the  main  channel  without  serious  erosion.  Pipe 
spillways,  drop  spillways,  and  chutes  are  the  more  common  types  of 
structures  used  for  side  inlets. 

Side  inlet  structures  should  empty  into  areas  recessed  in  the  banks 
of  the  main  channel.  Construction  in  this  manner  will  minimize  damage 
by  the  movement  of  floodwater,  debris,  or  ice,  and  also  will  cause  less 
retardance  of  flow  in  the  main  channel. 

Pipe  spillways  — — . - - Pipe  spillways  can  be  used  advantageously  to 
convey  water  from  back  of  levees  and  continuous  spoil  banks  into  a 
channel.  The  hooded  inlet  is  most  efficient  where  discharge  capacity 
is  a problem.  The  flared  inlet  is  less  efficient  but  facilitates  the 
passing  of  debris  such  as  corn  stalks  and  grasses.  The  pipe  drop  inlet 
is  efficient  and  can  be  used  as  a tile  outlet.  When  the  required  pipe 
size  exceeds  48 -inches  in  diameter,  an  open  top  structure  should  be 
considered  for  economy. 

Drop  spillways  — ' . - - Drop  spillways  are  generally  used  where  the 
volume  of  water  to  be  handled  is  large.  They  can  be  used  as  a tile 
outlet  structure.  The  drop  spillway  fits  conditions  where  there  is  no 
spoil  bank  and  functions  well  at  the  head  end  of  a channel. 

Reinforced  concrete  chutes  — - - Concrete  chutes  function  well  where 
the  volume  of  water  to  be  handled  is  large  and  the  overfall  is  such 
that  a drop  spillway  will  not  be  economical. 

Vegetated  chute  — - - This  type  of  chute  should  be  limited  to  small 
watersheds  and  sites  where  good,  dense  sod  can  be  developed  and  main- 
tained. The  water  course  below  the  chute  must  be  stable.  When  the 
channel  below  the  chute  is  narrow  or  conditions  at  the  lower  end  of 
the  chute  may  not  be  favorable  to  establish  and  maintain  vegetation 
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because  of  poor  soil  or  rocky  or  wet  conditions  or  siltation  from 
adjacent  channels  or  streams,  a toewall  should  be  used.  The  toewall 
will  raise  the  end  of  the  sod  chute  above  these  unfavorable  conditions 
and  permit  the  maintenance  of  a good  vegetation.  The  toewall  is  a 
small  drop  spillway  with  a headwall  generally  1 to  2 feet  in  height. 

A vegetated  chute  is  economical  since  material  and  construction  costs 
are  generally  low.  Use  is  limited  to  sites  where  the  velocity  of 
flow  in  the  chute  is  low  enough  to  maintain  the  vegetative  cover. 

This  generally  limits  the  use  of  vegetated  chutes  to  small  water 
courses  with  low  overfalls  where  there  is  no  long,  sustained  flow. 

46/ 

Riprap  chute  — . - - A rock  riprap  chute  provides  a more  stable 
outlet  than  a vegetated  chute.  The  use  of  native  rock  may  make  it 
less  expensive  than  a pipe  or  concrete  structure  of  comparable  size. 

It  is  a permanent  type  facility  requiring  less  maintenance  than  a 
vegetated  chute. 


Rock  riprap  lined  chutes  are  limited  to  areas  where  suitable 
durable  cobbles  or  rock  are  available  for  construction.  It  requires 
careful  adherence  to  the  basic  details  of  design  in  their  construc- 
tion to  obtain  satisfactory  performance  and  stability. 


46  / 

Gabion  chute  — . - - The  gabion  chute  is  similar  to  the  riprap 
chute  except  that  the  rock  is  placed  in  wire  baskets.  It  is  parti- 
cularly adaptable  to  unstable  foundation  conditions  because  of  its 
ability  to  adjust  and  retain  its  general  section  with  displacement 
or  compression  of  the  foundation.  The  opportunity  to  fill  it  with 
native  rock  and  cobbles  makes  its  cost  favorable  in  comparison  with 
reinforced  concrete.  Generally,  by  the  time  the  long-lasting  wire 
baskets  deteriorate,  the  structure  will  be  so  well  established  and 
bound  together  that  it  will  remain  indefinitely  without  the  need  for 
added  protection. 


Water  Level  Control  Structures  — ^ 


Water  level  control  structures  are  used  to  regulate  and  maintain 
water  in  channels  for  water  table  control  or  for  flooding  land  sur- 
faces. The  control  is  accomplished  by  use  of  gates  or  stop  logs 
that  can  be  fitted  into  several  types  of  structures.  The  most  common 
types  used  are  drop  spillways,  box  inlets  or  culverts,  and  open 
flumes . 


Design  Features  Related  to  Maintenance 

Channels  must  be  properly  maintained  to  function  as  designed. 
Maintenance  can  be  made  easier  and  more  effective  if  certain 
features  are  incorporated  in  the  design.— 
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Added  Depth  or  Capacity  for  Deposition 

Allowance  should  be  made  in  the  design  for  initial  sloughing  and 
sedimentation.  Quite  often  during  the  first  year  after  construction, 
the  channel  bottom  will  be  raised  from  sloughings  left  by  construction 
equipment.  Soil  and  seepage  conditions  affect  bank  sloughing  and 
silting.  The  sedimentation  problem  must  be  considered  in  the  design 
so  that  depth  and  capacity  will  be  provided  over  a period  of  years  in 
line  with  economy. 

Relationship  of  Side  Slopes  to  Maintenance  Methods 

The  slope  of  channel  banks  may  be  dependent  on  the  type  of  maintenance 
as  well  as  on  soil  conditions;  for  example,  3:1  slopes  or  flatter  are 
usually  needed  for  banks  to  be  mowed. 

Berms 

Berms  may  be  used  to  facilitate  maintenance  by: 

1.  Preventing  material  from  washing  or  rolling  into  the  channel. 

2.  Providing  work  areas  and  facilitating  spreading  of  spoil  banks. 

3.  Providing  access  roadways. 

Berm  design  may  follow  the  general  practice  of  the  locality  where  the 
channel  is  to  be  constructed,  provided  proper  loading  and  soil  condi- 
tions are  used.  Guidance  to  minimum  berm  widths  is  given  on  NEH, 
Section  16  2/,  page  6-19,  and  National  Standard  and  Specification 
Guide  for  Dikes  and  Levees. 

Maintenance  Roadways 

Roadways  should  be  provided  for  access  to  the  channel  with  maintenance 
equipment  and  for  inspection.  They  can  be  located  on  berms,  spoil 
banks,  or  levees.  On  channels  in  excess  of  20'  top  width,  roadways 
may  be  required  on  both  sides  of  the  channel.  The  roadway  should  be 
wide  enough  to  handle  all  maintenance  equipment  and  generally  at  least 
13  feet  slope  away  from  the  channel  to  an  interception  ditch  where  the 
surrounding  topography  slopes  toward  the  channel. 

Spoil 


It  is  good  practice  to  spread  spoil  banks  to  the  extent  that  they  can 
be  maintained  properly  and  can  be  used  in  the  same  manner  as  the 
adjoining  area.  The  degree  to  which  the  spoil  is  spread  depends  upon 
the  local  conditions.—' 
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Entrance  of  Side  Surface  Water  to  Channel 


Side  surface  water  should  not  be  allowed  to  spill  over  the  channel 
bank  without  protection.  Interception  ditches  should  be  provided 
to  control  local  drainage  on  the  land  side  of  the  berms  or  spoil 
banks  throughout  the  length  of  the  project.  These  ditches  should 
be  graded  toward  collection  points  to  drain  into  the  channel  through 
lined  chutes,  pipe  drops  and  culverts,  or  over  drop  spillways. 

Seeding 

The  berms  and  spoil  should  be  seeded.  Quite  often  the  channel  side 
slopes  are  also  seeded.  The  extent  to  which  seeding  is  done  depends 
upon  the  location  of  the  channel  and  local  desires.  Side  slope 
seeding  is  accepted  as  good  practice,  particularly  when  flat  side 
slopes  are  used  so  that  both  seeding  and  maintenance  can  be  done 
economically . 

Pilot  Channels 


Occasionally  pilot  channels  are  used  to  facilitate  construction  of  a 
channel  system  as  designed.  The  principal  function  of  a pilot 
channel  is  to  lower  the  water  table  sufficiently  to  permit  deeper 
excavations  to  be  made  with  greater  safety  and  economy.  This  is 
accomplished  by  excavating  the  pilot  channel  as  deep  below  the  water 
table  as  practical  without  causing  excessive  sloughing  of  the  banks. 
Construction  is  then  deferred  until  the  water  table  is  lowered  and 
the  banks  become  more  stable. 
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Appendix  I - Chapter  6 
Planning  and  Design  of  Open  Channels 


Although  there  are  no  widely  accepted  values  published  for  the  allowable 
tractive  forces  for  cohesive  soils,  Figure  6.1-1  is  a useful  guide  in 
evaluating  channel  stability  based  on  the  shear  strength  characteristics 
of  undisturbed,  saturated,  cohesive  soils. JLZ. 

The  curve  separates  the  results  of  plotting  of  data  from  existing  channels. 

On  the  right  side  of  the  curve  are  the  data  from  channel  sites,  all  of 
which  were  found  to  be  stable  at  the  indicated  shear  strength  and  tractive 
power.  On  the  left  side  are  data  from  channels  affected  by  erosion  at  some 
of  the  indicated  shear  strength  and  tractive  power  values. 

Use  of  Figure  6.1-1  to  evaluate  stability  requires  computation  of  the  trac- 
tive power  of  the  design  flow.  Tractive  power  is  the  product  of  mean  vel- 
ocity and  tractive  force,  with  tractive  force  being  computed  by  the  procedure 
already  described.  The  higher  the  value  of  the  tractive  power,  the  greater 
the  strength  required  to  resist  erosion. 

The  tractive  power  method  is  based  on  limited  field  evaluation  over  a com- 
paratively short  period  of  time.  It  seems  to  have  promise  as  evidenced  by 
the  available  data.  The  adequacy  and  limitations,  if  any,  of  this  method 
will  rest  on  the  systematic  collection  of  the  results  of  its  use  on  a trial 
basis  bver  a wide  range  of  conditions  for  several  years;  i.e.,  until  the 
channels  have  been  subjected  to  design  flow  over  the  full  range  of  channel 
conditions  that  can  reasonably  be  expected. 

Example 

The  hydraulics  of  a channel  system  indicates  that  a trapezoidal  unlined  sec- 
tion with  2:1  side  slopes  and  a 40-foot  bottom  width  will  carry  the  design 
flow  at  a depth  of  5.5  feet,  and  a velocity  of  6.40  fps.  Field  investigations 
have  indicated  that  the  soil  is  cohesive.  Undisturbed  samples  representative 
of  the  material  in  which  the  channel  will  be  excavated  have  an  unconfined 
compressive  strength,  when  saturated,  of  410  lbs.  per  square  foot.  This  is 
the  C value  shown  on  SCS  Form  366. 

The  slope  of  the  energy  gradient  is  Se  = 0.0015.  The  channel  is  straight. 
Determination  of  actual  tractive  force  is  in  accord  with  the  procedure  given 
on  page  6-10  of  TR-25.  In  this  example  the  Dy^  of  the  soil  material  = 0.08 
millimeter  = 0.0031  inch. 
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The  following  steps  are  required: 

A.  Determine:  The  actual  tractive  force. 


Determine  nt  (Manning's  coefficient  for  roughness  of  soil  grains) 

nr  = (d75)1/6  = (.0031)1/6  = .381  = .0098 

39  39  39 

Determine  St  (rate  of  friction  head  loss  because  of  tractive  force 
acting  on  bed  and  side  materials) 

St  = Se(fi£)-  = 0.0015  (0 . 0098)  - = .00025  (where  Se  = slope  of 

(n)2  (0.024)2  energy  gradient,  n = 

Manning's  coefficient) 

T = (62 . 4 ) (5 . 5 ) ( . 00025 ) = 0.086  psf.  (T^  = tractive  force  in  an 

infinitely  wide  channel 
in  pounds  per  square 
foot) 

From  ES-140  (sheet  5 of  8)  in  TR-25 
For  b/d=7.3  and  z = 2 
T 

—b  = 0.99  (Tu  = tractive  force  along  the  bed  of  a channel  in  psf.) 
T 

Tb  = (0.99) (0.086)  = 0.085  psf.,  and 
From  ES-140  (sheet  6 of  8)  in  TR-25 

Is  = 0.78  (Ts  = tractive  force  along  sides  of  a channel  in  psf.) 

Too 

Ts  = (0.78)  (0.086)  = 0.067  psf. 

B . Determine : The  stability  of  the  channel  using  tractive  power  which  is 

actual  tractive  force  times  the  mean  velocity. 


Solution:  TbV 

= (0.085(6.40)  = 

0.54 

lbs . 

per  ft. sec. 

(TbV 

= tractive  power 

along 

the 

bed  of  a 

channel ) 

TSV 

= (0.067) (6.40)  = 

= 0.43 

lbs 

. per  ft. 

sec . 

(TSV 

= tractive  power 

along 

the 

sides  of 

a channel) 
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On  Figure  6.1-1,  plot  tractive  power  TbV  = 0.54  and  TSV  = 0.43  on  the 
ordinate  against  the  unconfined  compressive  strength  of  410  lbs.  per  square 
foot  on  the  abscissa.  This  channel  is  indicated  to  be  stable  since  the 
plotting  is  to  the  right  of  the  line,  whereas  a plotting  to  the  left  would 
indicate  that  erosion  may  occur,  as  based  on  field  experience. 
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UNCONFINED  COMPRESSIVE  STRENGTH  (lbs.  per.  sq.  ft.) 

FIGURE  6-1-1 

UNCONFINED  COMPRESSIVE  STRENGTH  AND  TRACTIVE 
POWER  AS  RELATED  TO  CHANNEL  STABILITY 
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DEFINITION  OF  TERMS 


Terms  defined  below  include  only  those  items  thought  to  need  special 
definition  in  this  guide: 

bedload  - - The  sediment  that  moves  by  sliding,  rolling,  or  skipping 
on  or  very  near  the  stream  bed;  sediment  that  is  moved  by  tractive 
or  gravitational  forces,  or  both. 

bed  material  - - The  materials  that  compose  the  bed  of  the  channel. 

cohesive  soil  - - A soil  that  has  considerable  strength  in  the  uncon- 
fined state  when  air  dried  and  retains  strength  when  submerged. 

thixotropy  - - The  property  of  a material  that  enables  it  to  stiffen 
in  a relatively  short  time  on  standing,  but  upon  agitation  or  mani- 
pulation to  change  to  a very  soft  consistency  or  to  a fluid  of  high 
viscosity,  the  process  being  completely  reversible. 

tractive  force  - - The  force  acting  along  the  periphery  of  a stream 
channel  in  the  direction  of  flow  resulting  from  the  frictional 
resistance  to  flow.  In  magnitude  the  tractive  force  is  equal  to  the 
weight  of  the  water  prism  multiplied  by  the  slope  of  the  energy 
gradient  caused  by  roughness  of  the  soil  forming  the  channel  bed  and 
banks . 

allowable  tractive  force  - - The  tractive  force  that  a soil  mate- 
rial can  take  without  structural  protection. 

critical  tractive  force  - - The  magnitude  of  tractive  force  when 
soil  particles  begin  to  move. 

tractive  power  - - The  product  of  mean  velocity  and  tractive  force, 
b - bottom  width  of  a channel  (feet). 

- cohesion  intercept  at  natural  moisture  (psf). 
d - depth  of  flow  (feet) . 

dc  - critical  depth  of  flow  (feet). 

Ds  - the  particle  sample  of  which  s7>  of  the  sample  is  smaller. 

- acceleration  due  to  gravity  (fps  ) . 
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Hc  - depth  of  tension  crack  (feet). 

- wave  height  above  computed  water  surface  elevation  for  flow 
in  unstable  range  (feet). 

K - coefficient  modifying  tractive  force  for  gravitational  forces 
on  coarse,  non-cohesive  materials  on  channel  sides. 

n - Manning's  coefficient. 

nt  - Manning's  coefficient  for  roughness  of  soil  grains. 
qu  - unconfined  compressive  strength. 

R - radius  of  curvature  to  centerline. 

Rc  - radius  of  curvature  of  central  section  of  compound  curve. 

Rt  - radius  of  curvature  of  terminal  sections  of  compound  curves. 

S - superelevation  of  water  surface  above  centerline  elevation 
around  curves  in  a channel  (feet). 

sQ  - slope  of  channel  bottom. 

sc  - critical  slope. 

se  - slope  of  energy  gradient. 

st  - rate  of  friction  head  loss  because  of  tractive  force  acting 

on  bed  and  side  materials. 

T - tractive  force  (psf). 

T©o  - tractive  force  in  an  infinitely  wide  channel  (psf). 

- tractive  force  along  the  bed  of  a channel  (psf). 
allowable  tractive  force  along  the  bed  of  a channel  (psf). 

Tls“  allowable  tractive  force  along  the  sides  of  a channel  (psf). 

T - tractive  force  along  sides  of  a channel  (psf). 

V - average  velocity  (fps). 

V - allowable  velocity  (fps). 

SL 


V 


c 


critical  velocity  (fps). 


z - cotangent  of  side  slope  angle. 
- wave  angle  = 


V 


T - factor  to  correct  allowable  tractive  force  for  materials  with 
D75  y 0.25"  for  unit  weights  different  than  160  pcf. 

X - unit  weight  (pcf). 


^w  - unit  weight  of  water  (62.4  pcf). 

9 - central  angle  of  curve  from  beginning  of  curvature  to  point  of 

beginning  of  zone  of  maximum  superelevation. 

9t  - length  of  transitions  curve  in  terms  of  the  central  angle  . 

0 - angle  of  shearing  resistance. 

0m  - angle  of  shearing  resistance  at  natural  moisture  content. 

0r  » angle  of  repose  of  coarse  non-cohesive  materials. 


? m - moist  unit  weight  (pcf). 


X 


unit  weight  of  particles  larger  than  0.25"  (pcf). 
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FOREWORD 


This  material  was  developed  as  one  of  the  activities  of  the  Committee 
assigned  to  review  and  revise  Technical  Release  25  - Planning  and 
Design  of  Open  Channels. 

The  material  presented  is  intended  as  a guide  to  the  recognition  of 
environmental  factors  that  may  be  affected  by  a channel  improvement 
project.  Guidance  also  is  included  on  techniques  and  measures  for 
protection,  mitigation,  and  enhancement  of  these  factors. 


Criteria,  procedures,  and  standards  have  been  omitted  on  purpose. 
The  affected  discipline  will  need  to  establish  these  items,  consis- 
tent with  national  standards,  for  his  local  area  and  conditions. 


The  National  Committee  for  the  review  of  TR-25  consists  of  H.  J. 
Behrens,  A.  C.  Boilesen,  E.  M.  Flaxman,  H.  J.  Foreman,  J.  C. 
Stevenson,  K.  R.  Voss,  Paul  0.  Tilker-Vice  Chairman,  and  Neil  F. 
Bogner -Chairman. 


The  Sub-Committee  that  prepared  this  material  consists  of  Carl  H. 
Thomas,  Regional  Biologist,  Franklin  R.  Farmer,  Design  Engineer; 
William  J.  Lloyd,  Regional  Forester;  Hans  G.  Uhlig,  Regional 
Recreation  Specialist;  and  Neil  F.  Bogner,  Head,  Engineering  and 
Watershed  Planning  Unit. 
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| Chapter  7 

ENVIRONMENTAL  CONSIDERATIONS 
IN 

CHANNEL  DESIGN,  INSTALLATION,  AND  MAINTENANCE 


Introduction 

A channel  improvement  project  causes  a change  in  the  surrounding 
environment.  The  change  may  be  abrupt  or  gradual;  localized  or 
broader  in  impact;  biological,  social,  or  cultural  in  nature.  What- 
ever the  changes  they  must  be  recognized  and  considered  in  arriving 
at  the  decision  to  modify  a channel.  The  optimum  channel  improve- 
ment project  is  one  that  is  based  upon  a careful  assessment  of  the 
functional  demands  of  the  project,  the  needs  for  protection  and 
enhancement  of  affected  resources,  and  a justification  that  considers 
environmental  and  economic  values. 

The  information  presented  here  provides  guidance  for  the  proper 
recognition,  protection,  and  enhancement  of  the  affected  environmen- 
tal factors  during  the  planning,  design,  installation,  and  mainte- 
nance of  channel  projects. 


Scope 

The  decision  to  develop  a channel  project  will  be  made  only  after 
careful  consideration  of  the  impact  of  the  project  upon  the  environ- 
ment. Once  the  decision  has  been  made  that  a channel  project  is 
necessary,  it  is  then  equally  important  that  the  channel  designer, 
builder,  and  those  responsible  for  maintenance  recognize  the  envi- 
ronmental factors  that  may  be  affected  by  the  project.  All  those 
involved  must  know  the  techniques  and  measures  available  to  protect 
and  enhance  these  environmental  values.  This  is  the  primary  purpose 
for  the  material  that  follows. 

Environmental  factors  are  listed  and  described.  Additional  factors 
will  need  to  be  identified  in  local  areas.  The  factors  have  not  been 
rated  or  priorities  assigned.  This  is  the  job  of  the  appropriate 
specialist;  i.e.,  engineer,  biologist,  forester,  agronomist,  range 
conservationist,  geologist,  recreation  specialist,  landscape  archi- 
tect, naturalist,  etc.  The  development  of  the  design  requires  a 
joint  effort  by  all  the  concerned  disciplines  and  the  sponsors  of 
the  project.  The  final  product  then  will  result  in  minimized  detri- 
mental effects  and,  when  possible,  in  the  enhancement  of  some  of  the 
factors.  There  may  be  occasions  when  the  decision  to  install  a 
channel  project  may  have  to  be  reconsidered  after  all  the  factors  are 
carefully  evaluated. 

The  techniques  and  measures  are  presented  to  provide  guidance  in  the 
development  of  the  project  in  a manner  that  will  protect  or  enhance 
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the  environmental  factors  identified  as  being  affected  by  the  project. 
These  techniques  and  measures  are  not  criteria.  The  features  or  fac- 
tors under  consideration  in  a given  area  generally  will  dictate  the 
criteria  for  the  project.  The  designer,  builder,  and  those  responsi- 
ble for  maintenance  in  their  use  of  the  various  techniques  and  mea- 
sures must  constantly  be  aware  of  the  functional,  economical,  and 
environmental  aspects  of  the  project. 

The  functional  and  economic  aspects  of  a project  cannot  be  separated 
from  the  environmental  aspects.  Drainage,  flooding,  vector  and  phrea- 
tophyte  problems,  and  the  economical  aspects  related  to  these  problems, 
also  are  critical  "environmental  factors."  They  must  be  given  consid- 
eration at  the  time  the  decision  is  made  on  the  need  for  a channel. 

A.  Aesthetic  Resources 


1.  Contrast  - Certain  stream  channel  features  have  special  impor- 
tance because  of  their  uniqueness  or  contrast  with  their  sur- 
roundings. A stream  with  the  bordering  trees  contrasts  with 
adjoining  crop  fields  as  do  wetland  areas  adjacent  to  the 
stream.  The  open  area  over  the  water  and  spoil  areas  provide 

a contrast  in  heavy  wooded  areas.  The  vegetation  and  the  wild- 
life along  a stream  channel  frequently  are  unique  for  the  area. 
Generally  within  the  corridor  area  there  exist  striking  contrasts 
that  are  pleasing  to  the  eye  - shaded  water  vs.  sunlit  areas  of 
running  water,  riffled  areas  vs.  still  waters,  dark  green  reeds 
and  rushes  vs.  leaves  and  shrubbery  at  bank  edge,  etc. 

2.  Natural  Curvature  - From  an  aesthetic  standpoint,  the  natural 
meandering  of  a stream  channel  is  a valuable  resource.  Long 
curving  oxbows  are  common  to  the  low  gradient  stream.  Added 
value  is  attained  where  a meandering  stream  intersects  the  long 
straight  lines  common  to  property  lines  and  cropping  patterns. 

3.  Woods  and  Water  - Generally  a stream  is  bordered  by  lines  of 
trees  or  brush.  This  combination  is  important  in  enhacing 
the  aesthetic  resources  of  an  area.  The  tree  shaded  stream 
provides  a tranquil  setting  of  great  value.  Where  the  stream 
is  in  dense  woods  it  provides  a break  that  enhances  the  value 
of  the  aesthetic  resources.  In  open  country  the  value  of  the 
resource  is  increased  many  times. 

4.  Marshes  - The  aesthetic  value  of  a marsh,  bog,  or  swamp  comes 
from  the  unique  vegetation  and  wildlife  that  are  usually  present. 
This  value  is  enhanced  by  the  extreme  changes  that  occur  natural- 
ly with  changing  seasons.  Each  season  brings  out  new  character- 
istics that  enhance  the  values.  Wildlife  present  in  these  areas 
may  be  resting  and  feeding,  or  establishing  nests,  depending 
upon  their  migratory  cycle.  The  unique  plant,  water,  soil,  or 
animal  relationships  in  these  areas  can  be  drastically  changed 

if  any  one  factor  is  altered  to  a major  degree. 
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5.  Vistas  - Frequently  a stream  corridor  provides  a unique  view. 

The  water,  framed  by  banks,  trees,  and  the  sky,  provides  a 
pleasing  view.  The  vista,  provided  by  a stream  that  ‘creates 

a break  in  a wooded  area,  is  usually  of  special  value.  Vistas 
from  road  crossings,  high  banks,  or  through  breaks  in  the 
bordering  vegetation  often  are  unique.  The  motorist,  hiker, 
angler,  boater,  or  land  user  all  enjoy  this  resource.  The 
changing  seasons  enhance  these  vistas. 

6.  Water  - Water  has  a special  attraction  as  an  aesthetic  resource. 
Pools  need  to  be  deep,  clear,  and  quiet.  Cascades  and  white 
water  appear  in  rough  bedded  streams  with  relatively  fast  flow. 
Streams  from  mountain  or  limestone  areas  frequently  are  unique 
because  of  their  clear,  sparkling  waters. 

7.  Vegetation  - As  an  aesthetic  resource,  vegetation  is  more 
valuable  when  it  is  unique.  This  is  frequently  the  case  along 
stream  channels.  Trees  may  be  aesthetically  pleasing  as  in- 
dividuals because  of  their  large  size,  form,  color,  leaf  tex- 
ture, bark,  or  because  of  their  flowering  or  fruiting  character- 
istics. In  the  form  of  woods  or  clumps  the  aesthetic  value  may 
come  from  the  variety  and  contrast.  Trees  along  a stream  cor- 
ridor are  of  sepcial  interest  in  areas  otherwise  void  of  trees. 

A woody  shrub  or  tree  occurring  in  a small  block  separated  from 
the  usual  range  of  the  species  (a  botanical  disjunct)  will  be 

of  particular  interest.  Rare  or  exotic  vegetation  has  special 
value  because  of  the  interest  of  plant  scientists  in  the  adap- 
tation of  plants  to  different  climatic  situations. 

8.  Historical  or  Special  - Some  of  these  features  may  be : 

a.  Early  or  unusual  structures,  such  as  very  old  dwellings, 
homes  of  persons  of  particular  historical  significance, 
covered  bridges,  early  schools,  churches,  or  other  public 
buildings. 

b.  Special  interest  features,  such  as  cemeteries,  battlefields, 
relics  of  pioneer  industries. 

c.  Landform  features  - mineral  springs,  waterfalls,  caves,  high 
bluffs,  fossil  locations,  potholes,  varved  deposits,  bedrock 
exposures,  sand  dunes,  natural  arches,  erosion  remnants, 
glacial  scour  marks,  faults,  eskers,  moraines,  drumlines, 
oxbow  lakes,  volcanic  deposits,  basalt  columns. 

d.  Features  related  to  wildlife  - bird  refuges,  nesting 
grounds,  spawning  streams,  watering  holes,  salt  licks. 

B.  Wildlife  Resources 


The  fundamental  needs  of  wildlife  are  food,  cover,  and  water.  Food 

is  needed  at  all  seasons  of  the  year,  but  the  types  of  food  vary 
between  seasons.  Spring  nesting  and  winter  escape  cover  are  criti- 
cal items  for  most  species.  Seldom  can  a wildlife  species  find  its 
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needs  in  a single  vegative  type.  Thus,  a mixing  or  interspers ion 
of  vegetative  types  is  important  within  the  daily  cruising  range 
of  a particular  species.  One  or  more  important  elements  of  wild- 
life habitat  always  are  found  along  or  adjacent  to  streams.  Fre- 
quently, critical  woody  cover  is  present  next  to  the  stream. 

The  needs  for  food,  cover,  and  water  vary  depending  upon  the  species. 
Guidelines  for  meeting  these  needs  should  be  established  by  States  or 
areas.  (See  Appendix  D.  for  sample.) 

C.  Fish  Resources 


1.  Water  quality  is  a limiting  factor  for  fish  production.  The 
individual  States  have  established  water  quality  standards  in 
line  with  national  guidelines.  The  following  items  affect  fish 
species  suitability,  production,  and  survival. 

a.  Temperature  is  an  important  physical  factor.  Summer  water 
temperatures  commonly  vary  as  much  as  10°  in  a 24-hour 
period.  In  general,  summer  temperatures  should  be  between 
50°  to  70°  for  cold-water  species.  Egg-hatching  success  is 
best  for  trout  between  45°  to  55°.  Warm-water  species  need 
summer  temperatures  between  70°  to  90°. 

Removal  of  shade  tends  to  raise  water  temperatures  while  the 
maintenance  of  vegetation  for  shade  may  keep  the  water  cooler. 
Water  temperature  is  raised  when  velocity  and  depth  are  re- 
duced. Water  temperature  may  be  affected  by  release  of  water 
from  upstream  impoundments. 

b.  Turbidity  caused  by  inorganic  material,  such  as  clay,  is 
detrimental  to  fish  production.  Such  material  destroys 
spawning  areas  by  sedimentation  and  reducing  growth  of 
bottom  organisms.  Adult  fish  generally  can  withstand  high 
levels  of  turbidity  for  short  periods  of  time,  but  pro- 
longed exposure  may  cause  mortality. 

It  is  reported  that  turbidity  as  high  as  245  mg/L  is  not 
harmful  to  fish.  In  fact,  fish  thrive  in  water  with  tur- 
bidities that  range  over  400  mg/L  and  average  200  mg/L. 
Turbidities  of  3,000  mg/L  are  considered  dangerous  to  fish 
when  maintained  over  a 10-day  period.  Trout  eggs  were  de- 
stroyed with  2,000  mg/L  turbidity  for  six  days.  Symptoms 
of  fish  stress  appear  as  turbidity  approaches  20,000  mg/L; 
death  between  50,000  and  200,000  mg/L.  At  turbidities 
causing  death,  the  opercular  cavities  were  found  to  be 
matted  with  soil  and  the  gills  had  a layer  of  soil  in  them. 

c.  Oxygen  requirements  for  subsidence  of  fingerling  and  adult 
salmon  and  trout  are  about  6 p.p.m.  dissolved  oxygen. 
Incubating  eggs  require  a minimum  of  8 p.p.m.  Warm-water 
species  require  about  3 p.p.m.  Water  at  or  near  oxygen 
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saturation,  for  its  temperature  and  elevation,  is  always 
satisfactory.  Oxygen  is  put  into  water  by  direct  absorp- 
tion from  the  atmosphere,  photosynthesis  of  growing  plants, 
and  by  tumbling  action  of  stream  or  waterfalls  and  turbu- 
lence generated  at  drop  inlets  or  drop  spillways.  Turbid- 
ity, reduced  flow,  and  non-tumbling  action  reduce  oxygen. 

d.  Carbon  dioxide  is  another  of  the  basic  factors  determining 
productivity  of  waters.  It  is  necessary  in  photosynthesis 
and  for  keeping  minerals,  such  as  calcium,  in  solution. 

High  carbon  dioxide  levels  reduce  the  ability  of  fish  to 
take  up  oxygen  and  to  dispose  of  carbon  dioxide  from  the 
body.  Concentrations  of  carbon  dioxide  should  be  kept 
below  25  p.p.m. 

Carbon  dioxide  is  put  in  water  by  direct  absorption  from 
the  atmosphere,  decomposing  organic  matter,  and  respira- 
tion of  plants  and  animals.  It  is  removed  by  photosynthesis, 
agitation  of  water,  evaporation,  and  rise  of  bubbles  from 
depths . 

e.  ]>H  is  a measure  of  the  acid  intensity  in  water.  The  scale 
of  reading  is  from  0 to  14.  Optimum  fish  production  lies 
between  6.5  and  8.5.  Values  below  5 and  above  9 affect 
the  ability  of  fish  to  take  oxygen  from  the  water  source. 
Water  pH  is  changed  if  an  acid  layer  of  soil  is  exposed 

in  stream  bottom  or  sides. 

2.  These  stream  channel  features  affect  fish  production,  species 

suitability,  and  survival. 

a.  Bottom  Material  - The  bottom  material  of  a stream  is  impor- 

tant from  the  standpoint  of  food  production  and  natural 
spawning.  The  following  yield  in  grams  of  food  per  square 
foot  in  terms  of  different  stream  bottom  materials  has  been 
recorded:  silt  - 3.07;  cobble  - 2.47;  coarse  gravel  - 1.51; 

fine  gravel  - 0.93;  and  sand  - 0.1. 

Coarse  and  fine  gravel  beds  in  riffles  are  best  for  trout 
to  deposit  their  spawn  successfully.  Most  warm-water  fish 
spawn  in  sand  or  silt  beds  in  water  less  than  3 feet  deep 
and  with  little  or  no  current. 

b.  Water  Types 

(1)  Riffle  - Section  of  stream  containing  gravel  and/or 
rubble,  in  which  surface  water  is  at  least  slightly 
turbulent  and  current  is  swift  enough  that  the  sur- 
face of  the  gravel  and  cobble  is  kept  fairly  free 
from  sand  and  silt. 


Riffles  are  essential  for  trout  spawning  and  food 
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production.  Riffles  should  occur  at  intervals  equal 
to  every  5 to  7 channel  widths.  The  current  in  the 
riffle  should  be  swift  enough  to  carry  away  sediment. 

The  bed  material  in  riffles  should  be  larger  than  in 
pools  so  as  to  provide  for  aeration  of  the  water.  A 
water  depth  of  6 inches  is  desirable. 

(2)  Pool  — ^ - Section  of  stream  deeper  and  usually  wider 
than  normal  with  appreciably  slower  current  than  im- 
mediate upstream  or  downstream  areas  and  possessing 
adequate  cover  (sheer  depth  or  physical  condition)  for 
protection  of  fish.  Stream  bottom  usually  is  a mixture 
of  silt  and  coarse  sand. 

Pools  are  valuable  as  resting  and  refuge  areas.  Some 
surface  feeding  also  is  done. 

(3)  Flat  — - Section  of  stream  with  current  too  slow  to  be 

classed  as  riffle  and  too  shallow  to  be  classed  as  a 
pool.  Stream  bottom  usually  composed  of  sand  and  finer 
materials  with  coarse  cobbles,  boulders,  or  bedrock  oc- 
casionally evident. 

(4)  Cascades  or  Bedrock  - Section  of  stream  without  pools, 
the  bottom  consisting  primarily  of  bedrock  with  little 
cobble,  gravel,  or  other  such  material  present.  Current 
usually  faster  than  in  riffles. 

c.  Stream  Side  Vegetation  - This  item  pertains  to  the  relation 
of  vegetation  to  stream  shade  and  fish  shelter.  Low  shrubs 
and  grasses  provide  shade  for  small  streams,  but  do  not  over- 
shade them.  Such  vegetation  does  not  clog  streams  by  falling 
in  the  water,  and  it  provides  hiding  cover  for  fish  if  allow- 
ed to  hang  over  the  bank  into  the  water. 

Trees  are  necessary  for  shade  along  streams  over  30  feet  wide 
since  low  shrubs  and  grasses  shade  only  a small  portion  of 
this  width. 

An  ideal  situation,  along  small  streams,  is  enough  trees  for 
aesthetic  purposes  and  low  shrubs  and  grasses  providing  shade 
and  cover.  Along  large  streams,  trees  for  about  40  percent 
of  the  stream  length,  on  both  sides  should  be  present.  There 
probably  are  situations  where  the  presence  of  trees  well  back 
from  the  water's  edge  furnishes  shade  almost  as  good  as  com- 
parable ones  closer  to  the  stream.  This  would  be  true  especial- 
ly on  the  east  side  of  north-south  flowing  stream  and  the 
south  side  of  east-west  streams. 


1/ 


Warm-water  streams  normally  contain  only  these  water  types. 


7-7 


d.  Velocities  - Tolerable  water  velocity  for  fish  is  govern- 
ed by  several  factors,  chiefly,  by  the  species  of  fish, 
size  of  fish,  and  the  distance  and  frequency  of  resting 
areas.  Boulders,  pools,  deflectors,  etc.  provide  resting 
areas. 

D.  Recreation  Resources 


There  are  numerous  opportunities  for  recreation  along  and  in 
channels.  Many  of  these  opportunities  have  been  discussed  under 
the  heading  of  wildlife,  fish,  or  aesthetic  resources. 

For  optimum  use  a recreation  resource  must  satisfy  several  key 
factors : 

1.  Proximity  - All  recreation  activities  are  distance-related 
with  respect  to  the  user's  home.  Generally  the  greater  the 
population  within  a 50-mile  radius  (or  an  hour's  drive), 
the  more  the  area  may  be  used. 

2.  Access  - The  public  road  system  needs  to  provide  access  to 
the  potential  recreation  resource.  The  degree  of  access  of 
the  area  can  be  gauged  by  determining  the  portion  that  is 
within  one  mile  of  an  all  weather  road.  Again,  the  greater 
the  degree  of  access  the  more  likely  the  recreation  area 
will  be  used. 

3.  Ownership  - The  ownership  and  land-use  pattern  of  the  area 
have  a bearing  on  the  potentials  for  developing  recreation 
opportunities.  The  area  must  be  of  sufficient  size  to  sup- 
port a public  recreation  activity.  The  landowner  must  be 
interested.  The  area  will  have  to  be  accessible  to  the 
public  for  heavy  use.  Sometimes  the  resource  will  be  used 
by  the  landowner  and  his  family. 

Specific  factors  for  each  activity  are: 

1.  F ishing  - Stream  fishing  has  a special  quality  for  some  fisher- 
man. All  of  the  environmental  factors  listed  under  "Fish  Re- 
sources" are  essential  if  fishing  opportunities  are  to  be 
provided. 

Many  factors  besides  the  abundance  of  fish  and  accessibility 
enter  into  stream  fishing  quality.  The  unique  scenic  setting, 
sounds  of  nature,  the  sight  of  a riffle  or  pool,  the  wooded 
reach,  the  open  meadow,  and  overall  diversity  of  a landscape 
are  qualities  appreciated  by  the  stream  fisherman  and  enjoyed 
by  many  others.  Streams  that  are  partially  brush  and  tree 
lined  offer  the  fisherman  the  opportunity  to  exercise  his  skill. 

2.  Hunting  - Hunting  opportunities  often  are  enhanced  by  the 
presence  of  streams  or  channels.  In  some  localities  the 
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vegetative  cover  along  channels  (brush  and  trees)  provides  the  only- 
cover  available  for  hunting.  The  brush  and  trees  provide,  for  some 
species,  the  only  avenues  for  hunting,  escape  cover  from  predators, 
or  the  opportunity  for  protected  movement.  The  grasses  and  legumes 
provide  the  essential  nesting  cover  required  for  ample  populations. 
All  of  the  environmental  factors  already  described  under  "Wildlife 
Resources"  are  essential  if  the  hunting  opportunity  is  to  be  estab- 
lished. 

The  combination  of  food,  cover,  and  water  enhances  the  opportunities 
for  hunting  success. 

Channels  and  the  accompanying  marshes  offer  opportunities  to  hunt 
many  species  of  waterfowl,  rail,  and  woodcock.  In  some  areas  they 
provide  the  only  habitat  for  these  species. 

3.  Swimming  - Swimming  in  streams  and  channels  is  an  activity  practiced 
in  many  parts  of  the  country,  particularly  if  ponds  and  lakes  are 
relatively  scarce.  Desirable  environmental  factors  are  good  water 
quality,  pH  between  6.5  and  8.3,  coliform  count  below  800,  clear 
water  with  minimum  in  flow  of  650  gallons  of  water  per  bather  per  day 
(number  of  bathers  * 1,000  = inflow  cfs).  State  regulations  may  re- 
quire higher  standards.  Shade  and  desirable  soils  (sands)  will  en- 
hance the  desirability  of  the  area. 

Stream  "pools"  may  be  developed  fully  with  all  facilities  (bathhouse, 
beach,  etc.)  present  or  they  may  be  simply  the  local  swimming  "hole." 

Depth  should  be  at  least  5 feet,  greater  if  diving  is  permitted.  The 
shore  line  should  have  a slope  of  less  than  10  percent,  2-4  percent 
is  best. 

4.  Boating  and  Canoeing  - Boating  streams  should  be  at  least  2 feet 
deep  for  rowboats  or  3 feet  for  boats  with  outboard  motors.  A 
good  width  is  at  least  2-1/2  times  the  length  of  boat  allowed. 
Narrower  streams,  however,  can  be  utilized.  Stream  channels  with 
minimum  depths  must  be  free  of  obstructions. 

Canoeing  streams  may  have  depths  as  shallow  as  6 inches  for  short 
stretches  or  18  inches  for  a major  portion.  Canoeists  are  not  ad- 
verse to  portaging  (carrying)  for  short  stretches  where  water  is 
too  shallow.  Good  widths  are  17  feet,  but  widths  of  6 feet  are 
acceptable.  Some  authorities  recommend  an  average  flow  of  100  cfs 
in  order  to  be  suitable  but  this  is  dependent  upon  depth,  width, 
and  gradient.  While  many  canoeing  streams  have  white  water  and 
pools  in  combination,  flat  water  streams  attract  thousands  of  users 
for  canoeing  and  boating  alike. 

Variety  and  contrast  make  a stream  more  attractive.  Trees  over- 
hanging a stream  or  growing  on  a bank  add  to  the  beauty.  The 
environmental  factors  previously  described  in  the  "Aesthetic 
Features"  section  all  contribute  to  a water  course's  overall  beauty. 
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5.  Hiking  and  Walking  - Many  of  the  same  characteristics  that 
enhance  a canoeing  or  boating  stream  are  desirable  for  hiking 
along  a stream.  Cascades,  riffles,  white  water  and  pools, 
shrubs  and  trees  with  a variety  of  color  and  shape  add  to  the 
aesthetic  value. 

Over-water  walkways  and  bridges  which  permit  extensive  obser- 
vation are  interesting  features.  A trail  should  be  approxi- 
mately 4 feet  in  width,  sufficient  to  allow  two  people  to 
walk  side  by  side.  A grade  of  10  percent  or  less  is  recommended. 

6.  Painting  and  Photography  - The  thousands  of  photographs  and 
paintings  depicting  landscape  scenes  with  streams  attest  to 
man’s  interest  in  viewing  his  environment.  Natural  curves,  a 
variety  of  landscapes,  water  courses  meandering  through  a 
variety  of  vegetative  types  and  vistas  all  provide  professional 
and  amateur  artists  with  ample  subject  matter. 

7.  Camping  - The  environmental  factors  previously  discussed  may 
be  used  as  guides.  Vacation  camping  may  be  a profitable 
recreation  activity  if  other  recreation  opportunities  (fish- 
ing, swimming,  boating,  etc.)  also  are  available.  Transient 
campground  may  be  feasible  without  these  activities  if  the 
size  is  within  3 miles  of  a major  highway.  In  either  case 
the  necessary  land  area  is  10-15  acres.  Soils  in  the  area 
should  be  suitable  for  septic  tanks  and  roads.  An  adequate 
potable  water  supply  should  be  available.  Characteristics 
that  limit  an  area’s  usefulness  for  camp  sites  are  suscep- 
tibility to  flooding,  impermeable  hardpan  layers,  shallow 
soil  over  bedrock,  restrictions  to  natural  drainage,  erosion 
hazard,  and  inability  to  support  and  sustain  vegetative  cover. 
Slopes  should  be  less  than  15  percent,  preferably  less  than 

8 percent. 

8.  Botanizing  - On  occasion,  an  area  adjacent  to  a water  course 
may  be  of  particular  interest  to  botanists  and  other  nature- 
lovers.  The  species  of  plants  may,  but  need  not  be,  of  rare 
or  exotic  nature. 

9.  Bird  Watching  - The  environmental  factors  discussed  under 
"Wildlife  Resources"  should  be  used  in  determining  whether 
the  opportunities  for  bird  watching  exists.  The  thousands 
of  bird  watchers  in  the  country  often  visit  water  courses 
during  their  bird  counts.  In  some  areas  the  plant  species 
may  compose  a specialized  habitat  for  a particular  species 
of  bird.  Fields  of  one  crop  reduce  the  number  and  species 
using  the  area.  The  shrubs  and  trees  bordering  a channel  have 
added  value  in  crop  areas.  Landscape  variations  are  much  more 
attractive  to  songbirds  than  areas  of  a single  crop. 

10.  Specimen  Collecting  - Artifacts  from  cache  pits  or  Indian 
mounds,  fossils,  decorative  rocks,  or  desirable  mineral 
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specimens  are  of  interest  to  a number  of  people,  institutions,  and 
agencies.  Collectors  also  may  find  driftwood,  burntwood,  and  tree 
roots  of  value  or  interest. 

A guide  for  evaluating  channels  for  general  recreation  development  is 
included  in  Appendix  A. 


Protection  and  Enhancement  Techniques  and  Measures 


A.  Design 

1.  Alignment,  Capacity,  and  Grade  - Channels  generally  will  follow 
existing  alignment  except  where  stability,  environmental,  or 
cost  factors  clearly  dictate  an  alternative  course.  For  instance, 
a section  of  the  channel  or  floodway  may  be  relocated  in  order  to 
bypass  important  fish  or  wildlife  habitat.  Constructed  channels 
generally  should  not  be  straight  but  rather  a series  of  natural 
curves  laid  out  for  topographical  advantage  and  eye  appeal.  (Figure 
1)  The  curvature  selected  should  be  compatible  with  the  age  of  the 
stream,  its  regime,  and  nearby  natural  sections  of  similar  capacity. 

Natural  streams  and  constructed  channels  need  to  convey  water  dis- 
charges of  all  magnitudes  from  base  flow  through  flood  flow  without 
significant  damage  to  the  channel  or  to  fish  habitat.  In  order  to 
protect  a desirable  existing  stream  channel,  higher  frequency  flood 
flows  could  be  carried  out  of  banks  or  on  a separate  alignment.  As 
the  flood  flow  channel  would  be  dry  most  of  the  time,  it  could  be 
designed  to  include  farming  or  reforestation  within  the  right  of 
way  (Figure  2). 

Water  often  is  used  as  a receiving  medium  for  various  waste  dis- 
charges and  yet  its  quality  must  be  maintained  so  that  it  is 
suitable  for  instream  recreational  uses  as  well  as  out  of  stream 
needs  for  municipal  water  supply,  irrigation,  cooling,  washing, 
and  dilution.  Reservoir  releases  of  stored  water  can  provide  low 
flow  augmentation  to  prevent  waste  discharges  from  exceeding  ac- 
ceptable concentrations  and  to  provide  recreation  and  fish  habitat 
water  requirements.  Oxbow  and  wetland  flood  storage,  with  con- 
trolled releases,  also  can  be  used  for  this  purpose. 

Sediment  loads  delivered  to  the  channel  by  tributary  streams  or 
other  sources  need  to  be  controlled  as  part  of  the  overall  design. 

A stable  channel  has  a limited  sediment  carrying  capacity  and 
downstream  uses  of  the  water  may  necessitate  further  limitation 
of  sediment  load.  Sediment  traps  may  be  needed  at  delivery  points 
or  at  intermediate  points  along  the  channel  to  provide  the  required 
water  quality  and  stability. 


In  certain  reaches,  the  channel  slope  may  need  to  be  flattened  to 
obtain  stability  in  highly  erosive  soils  or  can  be  steepened  to 
make  maximum  use  of  erosion  resistant  soils.  Where  gravel  armoring 
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or  riprap  is  needed,  or  just  available,  full  use  should  be 
made  of  its  ability  to  withstand  higher  velocities.  The 
channel  slope  variations  and  rock  protection  will  allow  for 
the  inclusion  of  pools  and  riffles  and  also  provide  control 
of  meander  development. 

2.  Protection  of  Special  Features  - Aesthetic  resources  should  be 
preserved,  but  certain  striking  features  that  may  happen  to  be 
a part  of  a channel  project  should  be  protected  and  developed 
into  points  of  interest  that  would  add  to  public  appreciation 
of  the  project. 

These  desirable  features  should  become  a part  of  the  project 
development  plan  even  though  they  may  create  additional  de- 
sign problems  and  costs.  The  stream  channel  should  be  routed 
around  or  away  from  them  so  as  not  to  cause  damage  or  disturb- 
ance. Streambank  armoring  or  riprap  may  be  needed  to  stabil- 
ize the  channel  while  land  treatment  measures  and  sites  devel- 
opment facilities  are  employed  to  protect  and  utilize  the  area. 
(Figure  2) 

3.  Channel  Section  - The  low  flow  channel  cross  section  should  ap- 
proach a natural  stream  condition.  (Figure  3)  The  side  slopes 
and  bottom  width  can  be  allowed  to  vary  to  take  advantage  of 
existing  conditions,  harmonize  with  the  natural  channel,  and 
avoid  a monotonous  appearance.  Where  possible,  the  side  slope 
on  the  outside  of  the  channel  curve  could  be  steepened  and  the 
side  slope  on  the  inside  of  the  channel  curve  flattened  to 
duplicate  a naturally  developed  sinuous  waterway.  Use  the  on- 
site large  boulders  in  riprap  sections  or  at  selected  points 
for  decoration,  energy  dissipation,  and  fish  habitat  develop- 
ment. Large  slab  rocks  or  boulders  can  be  used  to  create  near 
vertical  banks  and  on  trout  streams  for  wing  deflectors  and 
bank  cover  devices  to  improve  the  fishing  potential.  (Figure 
4).  The  addition  of  these  special  practices  will  require  care- 
ful attention  during  the  design  of  the  channel.  The  channel 
bottom  width  can  be  varied  in  conjunction  with  the  bed  slope 

to  aid  in  the  development  of  deep  pools,  cascades,  low  velo- 
city sections,  and  sections  of  high  velocity  rips  that  would 
simulate  natural  conditions  and  also  take  advantage  of  local- 
ized variations  of  in-bank  capacity  and  stability.  Width 
restrictions  also  could  be  satisfied  in  this  manner. 

Figure  5 shows  the  cross  sections,  meander  pattern,  bed  con- 
tours, and  bottom  profile  that  can  develop  in  a natural  stream. 
The  meander  parameters  shown  are  average  values  but  could  be 
used  for  preliminary  proportioning  and  alignment  of  a con- 
structed channel.  Other  factors,  such  as  discharge,  character 
and  amount  of  bed  load,  general  valley  slope  and  the  resistance 
of  bed  and  banks  to  erosion,  also  need  to  be  considered  to 

develop  the  final  layout. 
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4.  Spoil  Placement  - Channel  excavation  spoil  should  be  utilized 
in  a manner  most  appropriate  for  the  controlling  reach  condi- 
tions. In  general,  excavated  materials  should  be  placed  so  as 

to  reduce  to  a minimum  the  required  clearing  and  disturbed  areas. 
The  template  sections  shown  on  the  drawings  and  the  specifications 
should  provide  guidance  as  to  typical  sections,  approved  spoil 
disposal  methods,  maintenance  limits  and  construction  limits.  The 
clearing  widths  and  extent  of  spoil  placement  should  be  reduced 
wherever  possible  by  utilizing  oxbows  or  depressed  areas  for  dis- 
posal, using  land  fills  at  selected  spots  so  as  to  minimize  the 
disturbance  at  points  of  more  importance  and  using  one-sided  con- 
struction where  appropriate.  Besides  reducing  the  amount  of  raw 
area  needing  treatment,  some  of  the  monotony  of  strictly  template 
construction  will  be  eliminated  in  favor  of  more  natural  appearing 
sections.  (Figures  6 and  7) 

Through  proper  planning  and  vegetation  of  the  spoil  material,  the 
designer  can  enhance  the  aesthetic  resources  of  an  area.  Vistas 
can  be  created  by  careful  location  of  breaks  in  the  spoil.  Over- 
looks, trails,  and  contrasting  features  can  be  enhanced  by  proper 
placement  of  spoil. 

5.  Structural  Measures  - In  channels  which  have  excessive  grade, 
drop  structures,  chutes,  steepened  rock  armored  sections,  cascade 
structures,  and  other  features  can  be  installed  to  use  up  the 
excess  grade.  (Figure  8)  These  structures  can  be  designed  with 
sufficient  eye  appeal  to  be  in  keeping  with  the  natural  environ- 
ment. Where  topography  and  bedrock  conditions  permit,  perhaps  a 
falls  could  be  developed  that  would  satisfy  project  needs  and  pro- 
vide a spectacular  channel  feature.  (Figure  9) 

Channels  with  flat  enough  gradients  so  that  stability  is  not  a 
design  problem  could,  if  desirable,  be  laid  out  in  pond-riffle- 
pool  manner.  The  additional  grade  provided  by  ponding  would  al- 
low the  inclusion  of  a series  of  riffles  and  pools  that  could 
add  to  the  fish  habitat  and  eye  appeal  of  the  project.  (Figure 
10) 

Sketches  of  two  vehicle  crossings  are  shown  in  Figure  11.  The 
surface  drainage  is  routed  away  from  the  crossing  to  prevent 
sediment-laden  water  from  entering  the  channel  or  eroding  the 
sides  of  the  crossing.  The  channel  banks  and  bottom  are  armored 
both  upstream  and  downstream  of  the  crossing  to  eliminate  possi- 
ble degradation  caused  by  vehicular  turbulence.  Figure  12  has 
two  sketches  of  possible  foot  crossings  that  also  could  include 
energy  dissipation  features  or  be  used  as  a fishing  stand. 

Figures  13,  14,  and  15  are  detailed  sketches  of  side  surface 
water  structures.  Pipe  drops,  lined  chutes,  and  drop  spillways 
are  shown.  Significant  amounts  of  side  surface  water  can  be 
collected  and  safely  drained  into  the  channel  with  these  struc- 
tures, thereby  protecting  the  streambanks  from  loss  of  vegetation, 
slumping,  and  cutting. 
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A sediment  trap  can  be  detailed  on  the  drawings  and  installed 
at  the  start  of  each  construction  segment.  Log  booms  and  a 
chicken  wire  net  can  be  included  at  this  point  to  stop  the 
other  debris. 

6.  Vegetation 

a.  Erosion  control  seedings  (both  temporary  and  permanent) 
should  be  used  on  the  channel  side  slopes  and  as  buffer 
strips  along  the  channel.  The  construction  sequence  and 
various  seeding  mixtures  should  be  coordinated  for  early 
establishment  of  a vegetative  cover.  In  a number  of  areas 
a temporary  cover  cannot  be  established  from  about  October 
to  April,  so  construction  on  perennial  streams  and  in 
areas  of  public  prominence  may  require  special  scheduling. 
Mulch  and  special  erosion  resistant  ground  covers  should 
be  considered  if  construction  must  continue  during  these 
periods.  Where  long  straight  channel  sections  are  un- 
avoidable or  where  raw  construction  areas  cannot  be  seeded 
for  a considerable  length  of  time,  screen  plantings  or 
other  landscaping  techniques  can  be  utilized  to  reduce 
visual  impact.  Natural  wooded  sections  left  uncleared 

at  road  crossings  and  appropriate  intermediate  points 
would  be  advantageous. 

b.  Wildlife  habitat  seedings  and  plantings  can  be  used  outside 
the  channel  section,  on  the  spoil  sections  or  in  odd  cor- 
ners of  suitable  size  where  the  wildlife  potential  can  be 
enhanced  and  the  disturbed  areas  stabilized.  Wildlife 
habitat  mitigation  areas,  when  included,  and  the  normal 
habitat  seedings  can  be  laid  out  in  discontinuous  blocks, 
irregularly  sized  to  provide  a maximum  of  edges  and  to 
avoid  monotony.  (Figure  8) 

c.  Landscaping  features  generally  would  be  located  at  recreation 
sites,  at  highway  crossings  (safety  must  be  considered)  and 
other  places  of  significant  public  use.  The  landscaping 
features  might  include  den  trees,  unusual  species,  large 
trees,  or  appealing  groupings  which  were  left  in  place  dur- 
ing construction.  These  existing  features  might  need  back- 
up planting  to  fully  develop  their  potential  or  possibly 
could  be  strengthened  by  the  addition  of  several  real  large 
slabs  of  rock.  On  some  projects  there  may  not  be  any 
natural  landscaping  features,  but  vista  points,  possible 
recreation  spots,  or  prominent  places  could  be  selected  for 
special  treatment  that  would  greatly  add  to  the  aesthetic 
appeal  of  the  project. 

Figure  16  shows  some  examples  of  activity  areas  that  might 
be  included  along  a channel.  A hiking,  cycling,  or  bridle 
trail  along  the  berm,  or  stream  side  fishing  supplemented 
with  a few  picnic  tables  for  the  rest  of  the  family.  A 


dike  to  preserve  a marsh  enhanced  by  a wildlife  planting. 

A swimming  "hole"  for  light  use  or  a wading  pool  in  a sub- 
urban development.  "Green"  areas  through  suburban  areas 
can  be  developed  into  playgrounds  or  neighborhood  parks. 
Long  channels  with  sufficient  depth  may  be  used  for  canoe- 
ing. Preservation  of  trees,  planting  of  shrubs  can  do  much 
to  enhance  the  spirit  of  remoteness.  Undoubtedly,  no  one 
channel  will  have  all  activities.  Improvements  will  depend 
on  need,  existing  resources  and  opportunity  or  potential 
for  creating  new  ones.  The  appropriate  specialist  should 
be  consulted. 

d.  Altruistic  settings  could  include  occasional  groupings  of 
wild  flowers  (the  State  flower  might  be  used)  from  seeds 
or  bulbs,  wild  fruits  like  strawberries,  raspberries  or 
blueberries,  nuts  or  possible  mushroom  spawn.  They  would 
be  included  with  other  plantings  for  the  sole  purpose  of 
giving  pleasure  to  whoever  passed  by. 

Construction 


The  impact  of  a channel  improvement  project  becomes  obvious  during 
the  construction  phase.  Often  the  impact  is  severe  and  striking. 

As  the  site  ages  the  impact  tends  to  diminish.  In  time,  the  channel 
improvement  becomes  an  accepted  part  of  the  environment. 

The  channel  designer  will  have  included  in  the  design  the  measures 
needed  to  minimize,  enhance,  or  mitigate  the  environmental  factors. 
The  drawings,  specifications,  and  contract  will  be  developed  to 
cover  these  items  to  the  fullest  extent  possible. 

Those  responsible  for  the  construction  of  the  channel  also  have  a 
role  to  play  in  minimizing  the  impact  of  channels  on  the  environment. 
Items  that  merit  attention  or  adjustment  during  construction  are: 

General 


1.  Arrange  for  briefing  of  construction  staff  on  environmental 
features,  their  value,  and  approaches  that  will  be  taken  to 
enhance,  protect,  mitigate  or  minimize  impact. 

2.  Be  alert  to  changes  required  in  plans  to  provide  maximum  bene- 
fits from  planned  measures.  Such  items  as  selection  of  trees 
to  be  saved,  location  of  disposal  areas  and  piles,  and  changes 
in  seeded  areas  are  examples  where  adjustments  may  be  required 
once  operations  are  underway. 

3.  Assure  that  all  pollution  control,  mitigation,  protection,  and 
enhancement  measures  are  installed  as  planned.  While  this  is 
the  normal  function  for  the  construction  staff,  it  is  especial- 
ly critical  in  minimizing  the  impact  of  channels.  This  includes 
control  of  debris,  oil  spills,  oil  cans,  and  other  junk  that 
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results  from  the  construction  operations. 

4.  Careful  monitoring  of  sediment  traps,  trash  booms,  and  other 
measures  to  assure  their  ultimate  use. 

Cleaning 

1.  Protect  trees  that  are  to  be  saved  from  damage.  The  purpose 
for  leaving  a tree  may  be  voided  if  the  tree  is  scarred  or 
damaged.  Trees  outside  the  right-of-way  also  must  be  pro- 
tected. Piles  that  are  to  be  burned  must  be  located  so  that 
the  fire  does  not  damage  standing  timber.  Trimming  or  prun- 
ing may  be  required  to  avoid  damage  or  to  correct  inadvertent 
damage. 

2.  Locate  disposal  piles  so  that  they  blend  in  with  area.  Screens 
of  trees  should  be  left,  where  possible.  Piles  can  be  reduced 
in  size  by  lopping  off  limbs  and  by  crushing. 

3.  Restrict  grubbing  to  excavated  areas.  Berms  and  spoil  areas 
can  be  flush-cut  with  stumps  left  in  place.  Minimizing 
grubbing  will  greatly  reduce  disposal  areas  needed. 

4.  Chipping  or  shredding  may  be  required  in  areas  where  "no  burn" 
laws  are  enforced.  Chips  can  be  used  to  mulch  disturbed  areas. 

5.  Excavate,  shape,  and  cover  disposal  areas  and  disposal  pits 
to  avoid  erosion  and  contamination  of  stream.  Disposal  piles 
or  pits  should  be  so  located  that  they  are  not  in  the  path  of 
surface  water  concentrations. 

6.  Disposal  piles  that  are  burned  must  be  carefully  located. 

Also,  the  pile  must  be  completely  burned  or  the  unburned 
portions  buried.  Air  pollution  can  be  minimized  by  careful 
selection  of  burning  times  and  burning  techniques. 

7.  Operations  will  need  to  be  controlled  to  limit  the  disturbance 
of  the  channel  slopes  and  cleared  areas  to  prevent  undue  con- 
tamination of  the  stream  with  sediment  and  debris  from  the 
clearing  operation. 

8.  Limit  or  adjust  limits  of  clearing  to  that  needed  for  excavation, 
spoil  disposal  and  maintenance  road.  Where  area  permits,  clear 
along  irregular  lines  rather  than  long,  straight  lines. 

Excavation 


1.  Require  operations  be  conducted  in  a manner  that  minimizes  the 
production  of  sediment  in  the  stream.  This  could  require  re- 
stricting crossing  of  the  flowing  stream  with  equipment,  the 
complete  removal  of  fills  used  for  crossings,  the  excavation 
of  side  drains  at  the  time  the  channel  is  excavated,  temporary 


seedings,  mulch  application,  and  special  excavation  procedures. 

2.  If  side  inlet  structures  are  to  be  installed  special  attention  may 
be  required  to  limit  sediment  production  from  the  site. 

3.  Control  spoiling  in  a way  that  keeps  all  surface  drains  free  of 
was  te. 

4.  Assure  that  trees  and  special  features  - historic  or  geologic  - 
are  protected  from  damage  by  equipment  or  from  waste  material. 

5.  Control  the  development  of  pools,  riffles,  low  flow  channels, 
etc. , so  that  they  are  "natural"  in  appearance  to  the  extent 
poss ible. 

6.  Arrange  for  careful  blending  of  excavated  sections  with  undis- 
turbed sections.  Curvature,  side  slopes,  etc.  need  to  be  adjust- 
ed to  fit  natural  section. 

7.  In  wetlands  and  swamps  that  are  to  be  left  in  as  near  their 
natural  state  as  possible,  avoid  changing  outlet  level  of  sur- 
face waters. 

8.  If  sterile  material  is  excavated  from  channel  require  that  it 
be  covered  as  a part  of  spoiling  operations. 

Seeding 

1.  Secure  the  earliest  permanent  seeding  possible  within  the  contract 
requirements.  Changes  in  seeding  dates,  mixtures,  and  techniques 
may  be  necessary. 

2.  Locate  seedings  to  maximize  benefits.  Seedings  for  wildlife, 
erosion  control,  aesthetics,  or  channel  shade  will  require 
special  attention. 

3.  Protect  seedings  from  damage  as  a result  of  construction  opera- 
tions . 

Maintenance 


Normal  Service  policy  on  inspections  and  maintenance  is  adequate. 
However,  the  scheduled  inspections  and  maintenance  measures  required 
need  to  fully  consider  the  environmental  features  involved. 

The  inspections.  Service  or  otherwise,  need  to  cover  all  measures  and 
not  be  limited  to  just  structural  measures  and  vegetative  cover.  Such 
items  as  special  plantings  for  wildlife  food  and  cover,  trees  for 
channel  shade,  bed  materials  for  riffles  and  cascades,  etc.,  if  in- 
cluded in  the  design,  are  to  be  checked  during  inspection. 

The  maintenance  of  a channel  must  be  accomplished  in  a timely 


manner.  The  maintenance  program  will  need  to  be  carried  out  in  a 
way  that  it  does  not  create  a significant  impact  on  the  environ- 
ment. Repairs  to  structural  features  shall  be  conducted  in  a 
manner  that  limits  sediment  production  and  turbidity  in  the  stream 
Disturbed  decor  will  be  seeded  for  rapid  re-establishment  of  cover 
Mowing  schedules  and  plans  will  need  to  be  adjusted  to  avoid  nest 
damage  and  critical  loss  of  food  and  cover. 

Brush  control  methods  need  to  be  in  harmony  with  environment. 
Spraying,  burning,  or  discing  of  areas  may  not  be  permitted.  If 
the  channel  is  to  continue  to  meet  the  purposes  intended,  the 
section  will  have  to  be  maintained.  Generally  this  will  require 
that  trees  and  brush  be  removed  from  channel  slopes.  The  main- 
tenance right-of-way  will  need  to  be  maintained  in  a state  that 
will  permit  access  at  any  time. 

Uncultivated  spoil  areas  will  revert  to  native  vegetation  if  left 
alone.  E stablishment  of  an  early  cover  is  important.  The  estab- 
lishment of  native  vegetation  in  spoil  areas  should  be  made  with 
undue  delay.  If,  at  some  subsequent  time,  the  disposal  area  is 
to  be  re-used,  it  can  be  re-cleared. 
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APPENDIX  A 


Evaluating  Channels  for  Recreation  Developments 

A copy  of  the  chart  and  work  sheet  used  in  this  approach  follow.  The 
use  of  this  approach  requires  a cursory  on-site  investigation.  Ratings 
are  determined  on  the  basis  of  judgment  and  estimations. 


It  should  be  noted  that  this  evaluation  is  for  a "general"  recreation 
development.  Evaluation  of  a site  for  specific  recreation  activities 
entails  consideration  of  many  additional  key  elements  or  a change  in 
the  criteria  already  outlined.  Water  flow  criteria,  for  example,  would 
be  different  if  swimming,  canoeing,  or  hiking  were  the  specific  activi- 
ties under  consideration.  Additional  key  elements,  such  as  length  of 
channel,  size  of  adjacent  land  area,  width  of  adjacent  land  area,  soils 
depth  of  water  are  some  additional  key  elements  required  for  specific 
activities.  Recreation  developments  should  be  planned  to  preserve  and 
intensify  the  landscape  character.  Planning  should  not  introduce  a 
disturbing,  inharmonious  item  into  the  landscape,  whether  it  is  a 
facility  or  an  activity.  The  planner  should  ensure  that  the  planned 
project  comprises  a complex  of  functions  related  to  the  best  features 
of  the  site.  For  this  reason,  evaluation  and  planning  for  specific 
recreation  activities  should  be  undertaken  by  the  appropriate  special- 
ist. 


% 
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EVALUATING  CHANNELS  AND  ADJACENT  AREAS 
FOR  RECREATION  DEVELOPMENTS 


Multi- 

Rating  (R) 

Key  Elements 

pi  ier 
M 

High 

4 

Moderate 

3 

Fair 

2 

Poor 

1 

Water  Quality 

4* 

No  pollution 
coli  count 
below  200 

ph  6 . 5 - 8 . 3 
coli  count 
200=600/100 
ml 

ph  8.3-9 
or  5-6.5 
coli  coinl 
600=800/ 
100  ml 

ph  9 + or 
5 - coli 
: count 
800  +/100 
ml 

Aesthetics 
(vista,  natural 
attractions  near- 
by, visual  appear- 
ance of  channel) 

4* 

Excellent 

Good 

Fair 

Poor 

Water  Flow 

4* 

Little 

variation 

with 

riffles  and 
pools 

Little 
var iation 

Inter- 

mittent 

Lacking 
sufficient 
flow  during 
primary  use 
period 

Adjacent  Land 
Flora 

3 

Wooded  or 
open  with 
12"  trees 
forming  a 
10-20% 
canopy 

Open  with 
grass  and 
small 

trees  form- 
ing a 10- 
20%  canopy 

Open 

with 

grass 

and 

brush 

Open  - 
grass  only 

Distance  From 
Users 

3 

Under  1/2 
Hr. 

1/2-3/4  Hr. 

3/4-1  Hr. 

Over  1 Hr. 

Distance  to 
Surfaced  Road 

2 

Under  3 
miles 

3-5  miles 

5-10 

miles 

Over  10 
miles 

Width  of  Channel 
at  Normal  Water 
Surface 

2 

20'  + 

11-19  ' 

o 

i — 1 

1 

vO 

6'  - 

Formula  JT(MxR)  = Score 


Maximum  Possible  Score  88 


High  Potential 

67 

- 88 

Medium  Potential 

45 

- 66 

Low  Potential 

22 

- 44 

* If  any  key  element  with  a multiplier  of  4 is  rated  as  "Poor"  (1)  that 
element  must  be  considered  limiting.  Further  consideration  of  other 
key  elements  is  unnecessary.  The  area  is  generally  considered  unsuit- 
able for  recreation  development. 
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CP 

SAMPLE  WORKSHEET 

EVALUATING  CHANNELS  AND  ADJACENT  AREAS 
FOR  RECREATION  DEVELOPMENTS 


State  County  Township 

River  Basin  _Watershed 

Location  or  Job  No. 


(P 


Width  of  Channel  at 

Normal  Water  Surface  2 x = 

Total  Score  

Maximum  Possible  Score  88 

High  Potential  67  - 88 

Medium  Potential  45  - 66 

Low  Potential  22  - 44 

* If  any  key  element  with  a multiplier  of  4 is  rated  as  "Poor"  (1)  that 
element  must  be  considered  limiting.  Further  consideration  of  other 
key  elements  is  unnecessary.  The  area  is  generally  considered  un- 
suitable for  recreation  development. 


Key  Elements  Multiplier  x Rating 


(M)  (R) 

Water  Quality  * 4 x 
Aesthetics  * 4 x 
Water  Flow  * 4 x 
Adjacent  Land  Flora  3 x 
Distance  From  Users  3 x 
Distance  to  Surfaced  Road  2 x 


APPENDIX  B 


Sample 

Fish  Stream  Investigation  Guide 


Introduction 


This  guide  provides  a systematic  approach  to  fish  stream  investiga- 
tion. 

Ten  stream  features  are  used  to  obtain  a biological  rating  and  six 
use  factors  are  used  to  obtain  a use  rating. 

Each  stream  feature  is  recorded  and  rated  on  a field  work  sheet, 
using  predetermined  criteria.  The  ten  features  have  been  assigned 
importance  factors  based  on  their  individual  importance  to  the  total 
stream  character.  The  final  rating  is  weighted  average  of  the  individ- 
ual stream  features. 

The  use  rating  is  a judgment  based  on  six  items  related  to  fishing. 


Instructions 


Heading  - Show  watershed,  major  water  courses,  and  important  tributa- 
ries. 

Biological  Investigation 

1.  Designated  Reaches  - The  appraiser  should  divide  the  stream  into 
reaches  from  mouth  to  upper  limit.  The  two  designated  points 
setting  the  limits  of  each  reach  should  be  easily  identifiable  on 
the  ground  by  designated  roads,  natural  markers,  or  points  selected 
due  to  some  physical  land  or  stream  characteristic.  (No  rating) 

Length  - The  length  must  be  measured  in  feet.  (No  rating) 

a.  Average  width  (ft.)  is  measured  at  normal  flow  or  depth. 
Importance  factor  of  2. 

Rating  - 1 point  for  each  foot  of  average  width.  (Maximum  10) 

b.  The  acreage  of  the  stream  is  calculated  by  multiplying  the 
length  (ft.)  by  average  width  (ft.)  and  dividing  by  43560. 
Importance  factor  of  3. 

Rating  - 3 points  for  1/2  acre  or  less  (warm  water  - 1 acre 
or  less  ) 

3-5  points  for  1/2  acre  to  1 acre  (warm  water  - 
1-2  acres) 

6-10  points  for  1 acre  plus  (warm  water  -2  acres 
plus) 
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(Increase  or  decrease  one  point  for  each  1/4  acre)  (warm  water 
- 1/2  acre) 

c.  Flow  - Constant  flow  is  year-long  and  intermittent  only  a por- 
tion of  a year. 

Importance  factor  of  10. 

Rating  - Intermittent  flow 

2 points  base  score.  Subtract  1 point  for  each  15-day 
period  (or  fraction  thereof)  without  flow. 

Constant  flow 

2 points  base  score.  (Maximum  10) 

Cold  - Add  1 point  for  each  1 inch  of  average  flow 
depth  in  riffle. 

Warm  - Add  2 points  for  each  5 inches  average  flow 
depth  in  riffle. 

2.  Water  chemistry  is  measured  in  parts  per  million.  Temperature  is 
recorded  in  degrees  F. 

Water  chemistry  is  a limiting  factor  and  overrides  all  other  factors 
if  any  quality  condition  falls  outside  fish  requirements. 

3.  The  pool  riffle  ratio  is  calculated  by  determining  the  feet  of  each 
reach  in  riffles,  pools,  flats,  and  cascades  or  bedrock  and  calcu- 
lating the  percent  of  total  length.  These  are  defined  as  follows: 

Riffle  - Section  of  stream  containing  gravel  and/or  rubble,  in  which 
surface  water  is  at  least  slightly  turbulent  and  current  is  swift 
enough  that  the  surface  of  the  gravel  and  rubble  is  kept  fairly  free 
from  sand  and  silt.  (Disregard  bottom  material  for  warm  water  stream.) 

Pool  - Section  of  stream  deeper  and  usually  wider  than  normal  with 
appreciably  slower  current  than  immediate  upstream  or  downstream 
areas  and  possessing  adequate  cover  (sheer  depth  or  physical  con- 
dition) for  protection  of  fish.  Stream  bottom  usually  a mixture  of 
silt  and  coarse  sand. 

Flat  - Section  of  stream  with  current  too  slow  to  be  classed  as 
riffle  and  too  shallow  to  be  classed  as  a pool.  Stream  bottom 
usually  composed  of  sand  or  finer  materials,  with  coarse  rubble, 
boulders,  or  bedrock  occasionally  evident. 

Cascades  or  Bedrock  - Section  of  stream  without  pools,  consisting 
primarily  of  bedrock  with  little  rubble,  gravel,  or  other  such 
material  present.  Current  usually  more  swift  than  in  riffles. 

The  sums  of  a,  b,  c,  and  d should  equal  100  percent. 


* 


Importance  factor  of  10. 
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Rating  - (Consider  quality  of  pools  and  riffles  for  in- 
group rating. ) 

8-10  if  pool-riffle  ratio  is  at  least  35  percent 
pools  and  35  percent  riffles. 

4-8  if  less  than  35  percent  of  stream  is  in  pools 
and  35  percent  or  more  is  riffles  or  if  more 
than  35  percent  is  in  pools  and  35  percent  or 
less  is  in  riffles. 

1-3  if  less  than  35  percent  in  pools  and  less  than 
35  percent  in  riffles  (Must  be  in  this  range 
if  intermittent  flow.) 

4.  The  water  source  - Place  a check  mark  to  indicate  water  sources 
for  each  reach.  Number  of  sources  probably  will  decrease  as 
one  progresses  upstream. 

Importance  factor  of  5. 

If  source  is  springs  and  seeps  rate  10. 

If  source  is  runoff  drainage  rate  3. 

If  source  is  lakes  or  ponds  rate  2. 

Any  combination  - 5. 

5.  Dominant  vegetation  - This  item  pertains  to  the  relation  of 
vegetation  to  stream  shade  and  fish  shelter,  not  wildlife 
habitat.  Record  in  feet  for  right  and  left  bank. 

Importance  factor  of  5. 

Rate  each  side  independently  and  average  rating. 

For  each  reach  and  total  stream  length  award  2 points  for  each 
10  percent  of  tree  and  shrub  type.  (Maximum  10) 

6.  Turbidity  - Express  as  clear  if  bottom  is  distinctly  seen 
through  4 or  more  feet  of  water,  slightly  turbid  if  bottom 
can  be  seen  at  from  1-  to  4-foot  depth,  and  turbid  if  bottom 
is  only  visible  at  less  than  1 foot.  (If  organic  stain  of 
fertility  prevents  appraisal  of  this  item,  so  note  and  dis- 
regard this  item. ) 

Importance  factor  of  5. 

Rating  - Clear  10. 

Slightly  Turbid  5. 

Turbid  1. 

7.  Sediment  - This  item  reflects  the  amount  of  sediment  deposits 
visible  in  the  stream  bottom.  Sediment  influences  pool-riffle 
ratio,  width,  acreage,  turbidity  and  possibly  other  factors. 
Therefore,  it  is  felt  the  rating  of  these  items  will  reflect 
the  effect  of  sediment.  (No  rating) 
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8.  Check  all  visible  or  detectable  sources  of  pollution,,  including 
siltation,  altering  water  quality. 

Water  pollution  (as  water  chemistry)  is  a limiting  factor  if 
severe  enough  to  affect  fish  life  or  cause  undesirable  aesthetic 
quality. 

Final 

Multiply  rating  assigned  to  each  element  by  the  importance  factor, 
add  totals,  and  divide  by  total  of  importance  factors. 


BIOLOGICAL  SC ORE SHEET 


Stream  Feature  Importance  Factor  x Rating  = Score 


la.  2 

lb.  3 

1 c.  10 

2 (Limiting  factor) 

3 10 

4 5 

5 5 

6 5 

7 (No  rating) 

8 (Limiting  factor) 


Total  40 


40 


x 

x 

X 


X 

X 

X 

X 


Total 

= Final  Grade 
| f Total  Score 


The  final  stream  grade  is  based  on  a scale  of  1 - 10  (10  being  the 
highest  possible  grade).  A grade  of  less  than  5 indicates  a stream 
with  a low  biological  value.  The  process  identifies  characteristics 
by  reach  and  by  evaluating  them,  management  needs  and  potential  can 
be  identified. 
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Use  Investigation 

1.  Fish  Resources  - Name  species  and  specify  category. 

2.  Access  - This  is  physical  access  due  to  terrain,  stream- 
bank  vegetation,  aquatic  vegetation,  debris,  etc. 

3.  Public  Access  - Indicate  0,  1,  2,  or  3 in  blank. 

4.  Ownership  - Check  if  public  ownership,  etc. 

5.  and  6.  Fishing  Pressure  and  Success  - Record  based  on  local  know- 

ledge, special  studies,  use  evidence,  and  information  in  1 
through  4. 

The  final  rating  indicates  value  of  stream  fishing  area  and  is 
one  of  judgment  made  by  the  investigator  based  on  the  informa- 
tion in  items  1 through  6.  The  present  use  rating  may  be 
limited  by  access  factors  and  a potential  use  rating  substituted 
for  it  if  so  desired. 

Source  References 


1.  Lagler,  Karl  F.  (1952)  Freshwater  Fishery  Biology,  William  C. 
Brown  Company,  Dubuque,  Iowa. 

2.  Seehorn,  Monte  E.  (1970)  A Survey  Procedure  for  Evaluating  Stream 
Fisheries,  24th  Annual  Convention,  Southern  Division,  American 
Fisheries  Society,  Atlanta,  Georgia. 

3.  Unpublished  - A Guide  to  Stream  Appraisal,  UD  - RTSC,  TSC  Advisory 
BIOL  - UD-11 , 1967. 
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APPENDIX  C 

POOR  QUALITY  RECOGNITION  GUIDE 


Pool 

Quality 
Class  No. 

Length 

Depth 

Shelter  — ^ 

1 

2/ 

Greater  than  a.c.w. 

2 ' or  deeper 

3/ 

Abundant 

Greater  than  a.c.w. 

3 ' or  deeper 

Exposed 

2 

Greater  than  a.c.w. 

2 ' or  deeper 

Exposed 

Greater  than  a.c.w. 

< 2 1 

5/ 

Intermediate  — 

Greater  than  a.c.w. 

<2  ' 

Abundant 

3 

Equal  to  a.c.w. 

<2  ' 

Intermediate 

Equal  to  a.c.w. 

<2* 

Abundant 

4 

Equal  to  a.c.w. 

Shallow  — ^ 

Exposed 

Less  than  a.c.w. 

Shallow 

Abundant 

Less  than  a.c.w. 

Shallow 

Intermediate 

Less  than  a.c.w. 

<2* 

Intermediate 

Less  than  a.c.w. 

2 1 or  deeper 

Abundant 

5 

Less  than  a.c.w. 

Shallow 

Exposed 

_1/  Logs,  stumps,  boulders,  and  vegetation  in  or  overhanging  pool  or 
overhanging  banks. 

_2/  Average  channel  width. 

_3 / More  than  one-half  perimeter  of  pool  has  cover. 

4/  Less  than  one-quarter  of  pool  perimeter  has  cover. 

_5/  One-quarter  to  one-half  perimeter  of  pool  has  cover. 

6/  Approximately  equal  to  average  stream  depth. 


I 
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Habitat  Requirements 

(The  material  below  was  developed  to  illustrate  the  type  of  informa- 
tion that  the  designer  needs  to  have  available.  These  data  can  be 
prepared  for  States  or  Regions  and  then  can  cover  the  appropriate 
species . ) 

Listed  below  are  some  specific  habitat  requirements  for  the  more 
common  wildlife  species.  These  descriptions  can  be  used  to  identify 
existing  habitat,  judge  quality,  and  determine  effects  of  modifica- 
tion. 


1.  Pheasants  - A favorable  land  use  pattern  for  pheasants  consists 

of:  (a)  60-80  percent  in  grain  and  seed  crops,  (b)  10-30  per- 

cent in  grasses  and  legumes,  (c)  5-10  percent  in  brush  and  woods, 
and  (d)  3-5  percent  in  permanently  protected  herbaceous  weedy 
cover. 

Crop  fields  ten  acres  or  more  in  size,  growing  barley,  buckwheat, 
corn,  grain  sorghum,  oats,  proso  millet,  soybeans,  or  wheat, 
should  dominate  the  area.  At  least  two  acres  of  grasses  and 
legumes  (alfalfa,  crownvetch,  orchardgrass , reed  canarygrass, 
sericea  lespedeza,  smooth  brome,  switchgrass,  or  timothy)  per  100 
acres  should  be  present.  Extra  growth  should  be  present  on  at 
least  two  1/8  acre  plots  within  100  feet  of  a vegetative  change. 
It  is  desirable  to  have  at  least  one  1/2  acre  strip  of  annual 
weeds  per  100  acres  and  at  least  1 acre  of  brushy  thickets  or 
woods . 

2.  Bobwhite  Quail  - Bobwhite  usually  thrive  best  where  there  are 
numerous  small  fields  of  grain  and  seed  crops,  interspersed  with 
grassland,  weedy  patches,  and  brush  or  woodland  areas.  They  sel- 
dom are  abundant  in  extensive  and  continuous  areas  of  cropland, 
grassland,  or  dense  woodland. 

At  least  one-half  acre  of  grain  and  seed  crops  (corn,  cowpeas , 
lespedeza,  millet)  should  be  present  within  100  feet  of  woody 
cover  per  each  100  acres  of  habitat  or  a one-half  acre  patch  of 
wild  herbaceous  plants  (panic  grass,  ragweed,  croton,  partridge 
pea).  A combination  of  the  two  is  best.  Unmowed  grass  areas, 
1/10  to  1/4  acres  near  food  and  cover,  provide  necessary  nesting 
sites  for  a covey  range.  Woody  cover  totaling  about  1 acre  per 
100  is  necessary. 

3.  Ruffed  Grouse  - This  grouse  is  a bird  primarily  of  woodland  edges 
and  openings  rather  than  dense  woods.  Hardwood  trees  should  pre- 
dominate. Hardwood  trees,  such  as  alder,  apple,  beech,  birch. 
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cherry,  mountain-ash,  oaks,  and  poplars,  should  be  well  distributed 
throughout  the  woodland.  Openings  within  each  200  acres  of  woodlands 
should  occupy  at  least  1 percent  of  the  area  and  not  exceed  15  percent. 
Such  openings  are  more  valuable  if  a variety  of  vegetation,  such  as 
perennial  weeds,  wild  grass,  shrubby  evergreens,  and  hardwood  brush, 
grow  in  them. 

4.  Cottontails  - Individual  cottontail  rabbits  usually  spend  their  entire 
lifetime  in  less  than  10  acres  of  habitat.  Therefore,  a wide  variety 
of  vegetation  on  small-sized  areas  is  desirable  for  good  habitat.  Four 
or  five  small  patches  (one-tenth  to  one-quarter  acres)  of  grasses  and 
legumes,  wild  or  domesticated,  in  and  around  woody  and  brushy  or  cul- 
tivated fields,  provide  good  food  and  cover.  At  least  50  percent  of 
any  area  of  rabbit  habitat  should  be  in  hardwood  trees  and  shrubs. 

5.  Woodcock  - Habitat  for  woodcock  may  be  described  as  a mixture  of  grass, 
perennial  weeds,  shrubby  evergreens,  and  brushy  thickets,  generally 
occurring  on  moist  soils  having  fairly  high  fertility  and  considerable 
organic  matter  (condition  favorable  to  earthworm  abundance). 

Brushy  thickets  should  occupy  40  - 50  percent  of  the  area,  and  should 
not  exceed  15  feet  in  height.  At  least  500  square  feet  per  acre  of 
brush  should  be  in  grass  and  perennial  weeds  and  brush  should  not  ex- 
ceed 2 feet  in  height  for  50  feet  around  openings.  Several  small 
clumps  of  evergreen,  shrubs  near  grassy  areas  provide  nesting  and 
brood  rearing  sites. 

6.  White-tailed  Deer  - This  deer  is  an  animal  of  forest  lands  broken  by 
small  clearings,  lakes,  swamps,  crop  fields,  cut-over  areas,  pastures, 
hay  meadows,  etc.,  which  create  edge  or  allow  sunlight  to  reach  the 
ground  so  that  shrubs  and  bushes  will  grow.  Deer  prefer  open  forest 
which  provides  plentiful  understory  vegetation. 

One  5-acre  opening  per  each  200  acres  of  woodland  provides  grasses 
and  legumes  for  summer  and  spring  food.  In  addition,  one  5-  to  20- 
acre  opening  per  each  200  acres  of  growing  woodlands,  shrubs,  and 
vines  increases  the  food  supply. 

7.  Tree  Squirrels  - The  fox  squirrel  is  largely  an  inhabitant  of  mature, 
somewhat  open,  hardwood  forests  and  woodlots.  The  gray  squirrel  lives 
primarily  in  large  unbroken  bottomland  hardwood  forests.  The  ranges 
overlap  considerably,  but  normally  one  species  predominates.  Both 
species  occupy  two  types  of  nests  - den  and  leaf.  Den  trees  provide 
the  best  protection.  Two  or  three  good  den  trees  per  acre  are  desir- 
able. Nuts  and  acorns  are  staple  foods;  seed,  buds,  and  fruits  also 
are  eaten.  Each  animal  requires  about  a pound  and  a half  of  food 

per  week.  Nut-bearing  trees  should  be  well  distributed  throughout 
woodland,  at  least  two  per  acre. 

8.  Non-Game  Land  Birds  - Non-game  birds  include  a great  variety  of  species 
which  are  found  in  nearly  every  kind  of  vegetative  community.  These 
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species  eat  all  kinds  of  foods,  have  many  adaptations  for  nesting, 
feeding,  escape,  migration,  etc.  Therefore,  a variety  of  habitats 
will  support  a variety  of  species.  As  a rule,  the  greater  the 
variety  of  plant  forms  on  a given  tract  of  land,  the  larger  the 
number  of  bird  species  and  the  more  the  individuals.  Such  areas 
may  be  grassy  areas,  grain  and  seed  cropfields,  weedy  spots, 
brush  areas,  and  woodlands.  They  also  may  be  lawns,  pastures, 
meadows,  fencerows,  small  woodlots,  barnyards,  pond  edges,  etc. 

9.  Waterfowl  and  Other  Wetland  Birds  and  Muskrats 


a.  Ducks  (mallard,  pintail,  black  duck,  teal,  wood  duck): 

Ducks  require  several  different  vegetative  types  and  water 
conditions  for  nesting,  rearing  broods,  adult  moult,  and 
feeding : 

(1)  Courting,  pairing,  and  mating  (mid-winter  and  early  spring, 
before  nesting  activities)  require  little  or  no  vegetative 
cover,  as  these  activities  generally  are  performed  on 
small  open-water  areas  with  bare  shorelines.  Mating 
habitat  usually  is  one  or  several  small,  shallow,  open- 
water  ponds. 

(2)  Nesting  (March  to  May).  Mallards,  teal,  and  black  ducks 
nest  on  the  ground,  usually  within  150  yards  of  water, 
but  sometimes  farther  away  in  medium-height  vegetation, 
such  as  alfalfa,  redtop,  and  other  grasses  as  well  as 
emergent  type  wetland  grasses,  sedges,  and  rushes.  Wood 
ducks  nest  in  trees  along  water  or  waterways  where  they 
prefer  a hollow  or  natural  cavity  in  the  trunk. 

(3)  Rearing  the  broods  (May  to  early  September).  Immediately 
after  the  young  are  hatched,  the  hen  leads  them  from  the 
nest  to  a water  area  several  feet  deep,  surrounded  by  or 
interspersed  with  marsh  plants,  such  as  bulrushes,  sedges, 
cattails,  and  other  aquatic  plants.  Wood  ducks  desire 
woody  cover  along  streams  or  ponds. 

(4)  Loafing.  Ducks  spend  a great  deal  of  their  time  loafing, 
sunning,  or  preening  themselves  on  mud  flats,  knolls,  or 
small  islands.  Wood  ducks  commonly  perch  in  trees. 

(5)  Feeding.  Black  ducks,  mallards,  teal,  and  wood  ducks  feed 
primarily  on  plant  seeds.  They  occasionally  take  snails, 
insects,  and  herbaceous  vegetation.  Important  plants  are 
corn,  buckwheat,  sorghum,  barley,  pondweeds,  wildrice, 
millets,  bulrushes,  smar tweeds,  naiad,  and  white  and  pin 
oak  acorns.  Water , of  course,  is  an  essential  element 

of  the  habitat. 


Swamp  or  marsh  areas,  1 acre  and  larger,  are  more  valuable. 
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The  following  water  conditions  are  desirable  on  feeding  a 
and  brood  rearing  areas:  At  least  50  percent  of  the  area 

with  water  less  than  3 feet  deep;  small  (500-2,000  square 
feet)  open-water  areas  scattered  throughout,  about  5 per 
acre. 

b.  Muskrats 


Muskrats  are  semi-aquatic  and  need  water  to  live.  The  entrance 
to  muskrat  houses  (or  dens)  is  normally  4 to  16  inches  beneath 
the  water  level.  Muskrats  use  open  water  for  travel,  and  their 
diet  is  composed  chiefly  of  leaves  and  roots  of  emergent  and 
aquatic  vegetation. 

c.  Wading  Birds  - Consideration  is  given  here  to  four  families  of 
birds : 

Ardeidae  (Herons  and  Bitterns);  Ciconiidae  (Storks  and  Wood 
Ibises);  Threskiornithidae  (Ibises  and  Spoonbills);  and  Gruidae 
(Cranes) . 

Obviously,  many  species  of  wildlife,  such  as  other  water  birds  -- 
amphibians,  reptiles,  fishes,  and  some  mammals,  particularly  the 
marsh  and  swamp  dwellers  --  benefit  from  management  of  wading 
bird  habitat. 

The  wading  bird  group  feeds  largely  on  small  aquatic  life  found 
along  edges  and  in  extensive  shallows  of  lakes  and  swampy  areas. 
All  kinds  of  small  fish,  both  game  and  rough  fish,  have  been 
found  in  food  habitat  studies.  Salamanders,  frogs,  and  aquatic 
insects  make  up  a part  of  the  diet.  Sluggish  swimmers  and  pro- 
lific producers,  such  as  gambusia  (top  minnows),  make  good  food 
sources. 

Herons  and  the  like  usually  nest  in  groups  of  a few  to  several 
hundred  or  more.  These  rookeries  may  have  several  species  nest- 
ing in  one  tree.  The  nesting  birds  prefer  to  build  over  water 
several  feet  deep.  Cypress  swamps  with  enough  underbrush,  such 
as  buttonbush,  make  desired  nesting  sites. 

It  is  generally  believed  that  water  fluctuation  plays  an  impor- 
tant role  in  nesting  behavior.  Plentiful  water  supply  in  early 
spring  apparently  stimulates  breeding.  Low  water  levels  con- 
centrating the  food  source  4 to  6 weeks  later  provide  good 
feeding  conditions  when  the  young  are  in  the  nest. 
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FEATURES: 

1.  Natural  meander  pattern. 

2.  Spoil  was  spread  into  the  cropland. 

3.  Desirable  trees  left  in  place  at  points  of  interest. 

4.  Wildlife  plantings  and  hedgerow  cover. 


Figure  1 A CONSTRUCTED  CHANNEL 


DEVELOPMENT  FEATURES  NOT  SHOWN 


1.  Public  Access,  Parking  Area  and  Footpaths. 

2.  Picnic  Area 

3.  Diversion  Of  Surface  Waters  Away  From  The  Protected  Point. 

4.  Information  Sign  With  A Description  Of  The  Site  And  Its  Geological  Importance. 
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Figure  4 FISH  HABITAT  DEVELOPMENT 
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Figure  5 NATURAL  CHANNEL  - MEANDER  PATTERNS  WITH  POOL  AND  RIFFLE  DEVELOPMENT 
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Figure  7 SPOIL  BANK  DEVELOPMENT  FOR  WILDLIFE  HABITAT 
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Figure  10  CHANNEL  SEGMENT  WITH  POND,  RIFFLE,  POOL  LAYOUT 
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PREFACE 


This  technical  release  was  prepared  by 
Soil  Conservation  Service  specialists  for 
the  use  of  field  personnel.  It  supersedes 
Technical  Release  No.  25  dated  December  15, 
1964,  and  all  revisions  to  this  document. 
Previous  editions  should  be  discarded. 

This  version  incorporates  visual  resource 
and  environmental  considerations  and 
updates  stability  analysis  information. 

The  technical  release  covers  procedures 
for  design  of  open  channels  and  related 
measures  such  as  floodways.  Cirteria  and 
standards  applicable  for  each  situation 
should  be  used  in  conjunction  with  these 
procedures . 

Designers  of  open  channels  should  find  the 
technical  release  useful  in  considering 
the  numerous  technical  aspects  that  are 
important  to  sound  channel  modifications. 
Close  coordination  of  many  technical  fields 
is  important  if  channels  with  minimum 
environmental  impacts  are  to  be  developed. 


I 


1 


DESIGN  OF  OPEN  CHANNELS 


CONTENTS 


CHAPTER 

1. 

GENERAL  CONSIDERATIONS 

CHAPTER 

2. 

FIELD  SURVEYS  & PLAN  LAYOUT 

CHAPTER 

2. 

APPENDIX  A.  LANDSCAPE  ARCHITECTURE  SITE 
SURVEY  AND  ANALYSIS 

CHAPTER 

3. 

SITE  INVESTIGATIONS 

CHAPTER 

4. 

DETERMINING  DESIGN  DISCHARGE 

CHAPTER 

5. 

CHANNEL  LOCATION,  ALIGNMENT,  & 
HYDRAULIC  DESIGN 

CHAPTER 

6. 

STABILITY  DESIGN 

CHAPTER 

7. 

ENVIRONMENTAL  CONSIDERATIONS  IN  CHANNEL 
DESIGN,  INSTALLATION,  AND  MAINTENANCE 

CHAPTER 

8. 

LANDSCAPE  ARCHITECTURE  DESIGN 

(this  chapter  to  be  added  in  near  future) 

Page 


TABLE  OF  CONTENTS:  CHAPTER  1.  GENERAL  CONSIDERATIONS 


Channel  Planning  1-1 

Adequacy  of  Outlets 1-2 

Special  Outlet  Conditions  1-3 

Legal  Requirements 1-4 

Rights^-of^-Way 1-4 

Environment  Considerations  1-4 


TECHNICAL  RELEASE 


NUMBER  25 

DESIGN  OF  OPEN  CHANNELS 

CHAPTER  1.  GENERAL  CONSIDERATIONS 

This  guide  defines  the  technical  aspects  of  open  channel  planning  and 
design.  Channel  design  involves  the  fields  of  hydrology,  geology,  hydraulics, 
drainage,  irrigation,  erosion  control,  soil  mechanics,  landscape  architecture* 
and  structural  design.  Adequate  planning  and  design  require  close 
coordination  of  these  technical  fields. 

Open  channels  are  used  to  serve  a variety  of  functions.  These  include 
flood  protection,  drainage,  irrigation,  diversion  of  water  to  control 
erosion  and  sedimentation,  and  for  recreational  and  other  purposes, 
either  singly  or  in  multiple  purpose  combinations. 

The  contents  of  this  technical  release  are  primarily  directed  at  the 
design  and  planning  of  floodways  and  open  channels  where  channel  erosion 
is  of  primary  concern.  The  planning  and  design  of  low  gradient  channels 
such  as  irrigation  canals,  drainage  ditches,  grassed  waterways  and  so 
on  cure  covered  in  other  service  handbooks. 

Channel  Planning 

The  objectives  of  the  project  first  must  be  clearly  defined.  The  level 
of  development  or  adequacy  of  improvements  for  each  purpose  and 
the  general  location  and  layout  also  needs  to  be  resolved  in  early  stages 
of  planning.  Economic  and  other  factors  which  are  outside  the  scope 
of  this  guide  should  be  considered  with  the  engineering  alternatives, 
based  on  the  procedures  presented  herein. 

After  the  functional  requirements  of  the  channel  have  been  determined 
in  planning  channel  work,  the  following  steps  in  preparing  open  channel 
plans  and  design  are  necessary: 

1.  Field  surveys  to  provide  topographic  information  and  other  physical 
data  pertinent  to  location  and  hydraulic  and  structural  design. 

2.  Geologic  and  soil  investigation  and  testing  of  soil  materials  for 
planning  and  design  requirements. 

3.  Analysis  of  hydrologic  or  other  conditions  to  determine  channel 
capacity  needed  to  meet  project  objectives. 

* A Glossary  of  technical  terms  for  Landscape  Architecture  may  be 
found  in  Chapter  2,  Appendix  A. 
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4.  Analysis  of  geomorphology  viewsheds,  visual  resource  values  and 
landscape  use  values  to  determine  visual  resource  planning  and 
design  requirements. 

5.  Use  of  the  above  data  in  developing  the  engineering  aspects  of 
project  formulation. 

In  the  formulation  stage,  physical  conditions  should  be  determined  and 

an  appraisal  should  be  made  of  other  limitations  imposed  on  channel 

work  that  might  limit  functional  performance  in  meeting  objectives. 

These  include: 

1.  Adequacy  of  outlets  to  handle  required  flow  without  excessive 
scour  or  deposition,  and  without  damaging  downstream  flooding. 

2.  Protection  of  water  rights. 

3.  Availability  of  rights-of-way. 

4.  Satisfying  minimum  flow  requirements. 

5.  Environmental  considerations  including  landscape  resources  that 
must  be  conserved. 

Adequacy  of  Outlets 

Basic  requirements.  — In  determining  adequacy  of  outlets,  the  following 

basic  requirements  should  be  met: 

1.  The  capacity  of  the  outlet  should  be  such  that  the  design  flow  from 
its  watershed  can  be  discharged  into  it  at  an  elevation  equal  to 

or  less  than  that  of  the  hydraulic  gradeline  that  is  used  for  design 
of  the  project.  The  storm  used  for  this  analysis  should  have  the 
same  chance  of  occurrence  as  the  storm  used  for  design  of  the 
improvements. 

2.  Where  subsurface  drainage  is  needed,  the  depth  of  the  outlets  should 
be  such  that  subsurface  drains  may  be  discharged  into  it  above 
normal  low  water  flow. 

3.  The  capacity  of  the  outlet  should  be  such  that  the  discharge  from 
the  project  watershed,  after  proposed  improvements,  will  not  result 
in  stage  increases  that  will  cause  significant  damages  below  the 
termination  of  the  project  channel. 

4.  Flow  conditions  in  the  outlet  should  be  capable  of  maintaining 
equilibrium  with  the  sediment  transport  of  the  project  channel. 
There  should  not  be  excessive  scour  or  deposition  of  sediment  in 
the  outlet. 
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Evaluation  of  project  effects.  — Many  items  must  be  considered  in 

evaluating  project  benefits,  among  these  axe: 

1.  The  stage-discharge  relationship  of  the  project  channel,  including 
overbank-flow,  should  be  determined  for  "before"  and  "after"  project 
conditions. 

2.  Stage-discharge  curves  for  the  outlet  should  be  developed  by  computing 
the  water  surface  profile  through  two  or  more  cross  sections  below 

the  outlet  using  the  existing  roughness  coefficient. 

3.  The  effect  of  project  improvements  on  stages  in  the  outlet  should 
be  analyzed  for  storms  of  at  least  two  recurrence  frequencies. 

Storm  frequencies  selected  for  the  analysis  should  be  that  used 
for  project  design  and  one  other  significantly  different  from  the 
design  discharge. 

Procedures  outlined  in  National  Engineering  Handbook,  Section 
4,  Hydrology,  Part  1,  Watershed  Planning,  shall  be  used  for  the 
analysis. 

4.  Where  downstream  effects  of  channel  improvement  are  significant 
(stage  increases  will  cause  damages  below  the  termination  of  the 
project  channel)  an  analysis  to  determine  effects  should  be  caxried 
downstream  to  the  point  where  effects  have  been  dissipated. 

5.  Geologic  and  soil  investigations  to  determine  the  effect  of  project 
improvements  on  the  stability  of  the  outlet  should  be  made  as  outlined 
in  Chapter  3,  "Site  Investigations." 

Special  outlet  conditions.  — 

1.  Tidal  Influence.  Where  channel  improvements  discharge  into  rivers, 
estuaries,  bays,  and  sounds,  which  are  subject  to  tidal  influence, 
the  effect  of  the  tides  on  discharge  from  the  channel  should  be 
determined.  This  is  true  if  the  outlet  is  a tidegate,  which  opens 
and  closes  according  to  the  relative  elevations  of  the  tide  and  the 
hydraulic  grade  of  the  channel;  or  if  the  channel  dischaxges  directly 
into  tidewater,  without  a tidegate. 

The  characteristics  and  types  of  tides  are  discussed  fully  in  "Tidal 
Datum  Planes. "\J  Annual  editions  of  "Tide  Tables,  High  and  Low 
Water  Predictions"  are  available  from  the  Coast  and  Geodetic 
Survey,  U.S.  Department  of  Commerce. 

2.  Pumping.  Where  the  project  is  provided  with  pumps  to  discharge 
the  runoff  from  the  watershed,  the  area  may  be  protected  by  levees. 
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Numbers  refer  to  numbered  references  at  end  of  this  technical  release. 
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In  this  case  the  levees  should  meet  the  National  Engineering  Standards 
for  Dikes  and  Levees,  the  pumping  capacity  should  be  adequate 
for  the  design  runoff,  and  the  outlet  into  which  the  pumps  discharge 
should  meet  the  basic  requirements  for  outlets. 

Legal  Requirements 

Applicable  provisions  of  state  water  laws  must  be  met  in  all  channel 
work.  Existing  water  rights  may  require  protection  or  rebuilding  of 
diversion  works,  control  structures  for  regulating  flows,  etc. 

Preliminary  investigations  should  determine  the  existence  of  any  water 
rights  on  channels  to  be  improved  and  the  limitations  that  they  may 
impose  on  the  improvements. 

Rights-of-Way 

Acquisition  of  rights-of-way  is  an  essential  element  of  channel  improvement. 
Careful  consideration  of  this  element  from  the  preliminary  investigation 
or  reconnaissance  stage  through  the  construction  stage  will  greatly 
expedite  the  job  and  reduce  its  cost.  Certain  modifications  of  location 
and  alignment,  within  the  limits  of  good  design,  may  be  made  to  ease 
rights-of-way  problems. 

Environmental  Considerations 


Landscape  resources  shall  be  given  full  consideration  from  the  preliminary 
investigation  through  final  inspection.  These  resources  include  visual, 
fish,  wildlife  and  recreational  and  may  include  areas  outside  of  the 
right-of-way  that  are  affected  environmentally  as  a result  of  the  project. 
A guide  for  planning  and  design  considerations  related  to  wildlife,  fish 
and  recreation  resources  may  be  found  in  Chapter  7. 

A guide  to  visual  resource  data  needed  in  planning  and  design  may  be 
found  in  Chapter  2,  Appendix  A.  Visual  changes  in  the  landscape  that 
result  from  channel  work  should  be  examined.  The  before  and  after 
appearance  of  the  site  should  be  documented  and  discussed  with  the 
local  community  and  other  interested  individuals  or  groups.  Procedures 
discussed  in  Chapter  8 shall  be  used  for  designing  the  visual  resource. 
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CHAPTER  2.  FIELD  SURVEYS  & PLAN  LAYOUT 


General 


Objectives  of  the  Engineering  Survey 

The  surveys  for  channel  improvement  work  should  be  in  sufficient  detail 

to: 

1.  Determine  the  location,  hydraulic  properties,  visual  characteristics 
and  condition  of  existing  channels  and  associated  structures. 

2.  Determine  the  needed  improvements  on  existing  channels  and  the 
required  additional  channels  and  appurtenant  structures. 

3.  Determine  the  cost  of  the  needed  improvements. 

4.  Prepare  suitable  landrights  work  maps  for  easements  and  working 
permit  requirements. 


These  objectives  apply  to  both  planning  surveys  and  final  design  surveys 
and  differ  only  in  the  amount  of  detail  and  precision  needed  for  the 
respective  stages  of  project  development. 


Preliminary  Surveys 


Information  Needed 


To  accomplish  the  objectives  stated  above,  the  following  information 
is  needed  for  planning  channel  work: 

1.  Drainage  area  at  junctions  of  tributaries  and  all  flow  control  points. 
Drainage  areas  also  should  be  delineated  for  valley  sections  used 
for  hydrologic  and  economic  evaluations  where  these  are  needed 
at  locations  other  them  at  junctions  of  tributaries  and  structural 
control  points. 

The  drainage  area  determinations,  including  those  needed  for  drainage 
purposes,  should  be  made  carefully  for  use  in  both  the  planning 
and  the  final  design  stages  of  the  project. 

Where  topographic  quadrangle  maps  are  available  they  are  usually 
sufficiently  accurate  for  delineating  and  planimetering  the  required 
drainage  areas,  except  on  extremely  flat  land.  Field  surveys  may 
be  required  to  determine  watershed  divides  on  flat  land.  Where 
feasible,  the  delineation  of  drainage  areas  should  be  checked  by 
means  of  a stereoscopic  study  of  4-inch  or  8-inch  = 1 mile  aerial 
photos. 


247-927  0-78-2 


2-2 


All  maps,  especially  in  flat  topography,  should  be  field  checked. 

This  step  should  be  done  preferably  in  the  preplanning  stages  to 
avoid  the  need  for  revisions  as  the  planning  work  progresses. 

2.  Approximate  profiles  of  the  existing  channel  showing  the  elevation 
of  the  existing  channel  bottom,  low  bank,  points  of  natural  low 
ground  away  from,  but  subject  to,  drainage  into  the  channel,  and 
elevation  and  dimensions  of  all  structures  in  or  over  the  channel. 

In  flat  areas,  occasional  topography  or  perimeter  and  spot  elevations 
may  be  needed  to  determine  the  drainage  pattern.  Existing  tributaries 
should  be  located  and  sufficient  bottom  and  ground  elevations  obtained 
to  permit  correlation  of  hydraulic  gradelines  and  design  of  any 
grade  control  structures  that  may  be  needed. 

3.  Representative  channel  and  valley  cross  sections  for  each  hydraulic 
or  economic  reach.  Additional  channel  cross  sections  should  be 
taken  as  needed  for  reliable  estimates  of  quantities  of  excavation 
and  clearing,  to  determine  easement  requirements. 

4.  Mannings  coefficient  "n"  for  each  channel  and  valley  cross  section. 

The  "n"  value  should  be  representative  of  the  hydraulic  reach  to 
which  the  section  applies,  except  that  where  segments  of  a cross 
section  differ  significantly  in  flow  retardance  factors  either  within 
the  channel,  between  the  channel  and  the  flood  plain,  or  between 
segments  of  the  flood  plain,  separate  "n"  values  should  be  recorded 
for  each  segment. 

5.  The  location  and  elevation  of  all  soil  investigation  sites  along  the 
proposed  channel. 

6.  The  location  of  viewpoints  and  viewsheds  along  the  proposed  alignment. 

7.  The  landscape  character  and  use  patterns  along  the  alignment. 

8.  Stationing  and  delineation  of  apparent  ownership  boundary  lines 
in  the  vicinity  of  probable  channel  improvement  work. 

9-  Data  including-dimensions,  elevations,  kinds  of  material,  and  condition 
of  existing  structures  such  as  bridges,  culverts,  drops,  and  dams. 

10.  Data  including  acreage  and  density  of  brush,  trees  and  debris  on 
clearing  required. 

11.  Other  significant  features  affected  such  as  roads,  pipelines,  power 
and  telephone  lines,  buildings,  wells,  cemeteries,  and  fences.  Such 
features  should  be  located  on  aerial  photographs  or  base  maps  and 
the  elevations  of  strategic  points  recorded. 
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Survey  Procedures 

The  survey  procedure  for  "Preliminary  Surveys"  outlined  in  the  National 
Engineering  Handbook  Section  16, 2/ Chapter  2,  is  applicable.  This  procedure 
should  be  augmented  by  "Landscape  Architecture  Survey  and  Analysis" 
as  outlined  in  Chapter  2,  Appendix  A.  Technical  Release-62,  (TR-62), 
contains  guidance  for  notekeeping  and  stationing. 

Horizontal  Control 


Where  suitable  8-inch  aerial  photographs  or  photo  mosaics  are  available 
which  show  sufficient  detail  to  locate  and  identify  an  existing  channel 
that  can  be  used  as  a base  line,  it  will  not  be  necessary  to  run  a transit 
traverse  in  the  planning  stage  to  establish  a base  line.  Other  existing 
maps  or  plans  of  equivalent  accuracy  sometimes  are  acceptable  for 
this  purpose. 

Horizontal  control  for  the  planning  and  design  of  stream  channel  work 
varies  with  the  survey  method  selected.  In  most  cases,  sufficiently 
accurate  horizontal  control  can  be  obtained  from  semicontrolled  photo 
mosaics  for  both  planning  and  preliminary  design  of  channel  work. 

The  photo  mosaic  also  may  be  used  to  show  drainage  areas,  flood  plain 
area,  control  elevations,  channel  locations,  land  ownership,  etc. 

The  following  steps  are  involved  in  obtaining  semicontrolled  photo  mosaics: 

1.  Using  the  latest  available  aerial  photos  of  the  flood  plain  (preferably 
the  4"  = 1 mi.  scale),  select  two  points  near  the  center  of  each 
aerial  photo,  which  can  be  identified  on  both  the  aerial  photo  and 

on  the  ground.  These  points  should  be  at  least  500  feet  apart  and, 
preferably  parallel  with  the  flood  plain.  Some  additional  accuracy 
may  be  obtained  by  selecting  a second  line,  approximately  perpendicular 
to  the  first,  on  each  photo.  To  facilitate  identification  and  measurement, 
these  lines  should  be  selected  along  established  lines,  such  as  roads 
or  fences.  Also,  delineate  the  approximate  area  of  the  flood  plain 
on  the  aerial  photos. 

2.  Measure  the  distance  to  the  nearest  foot  between  the  selected 
points  in  the  field.  Stadia  distances  may  be  used  for  lines  up  to 
about  1000  feet  long.  Identify  the  points  on  the  photos  by  a small 
pin  prick  at  each  point.  Circle  the  pin  points  on  both  the  front 

and  back  of  the  photo.  Also,  number  or  letter  each  point  for  identifi- 
cation and  mark  the  distance  between  the  points  on  the  back  of 
each  photo.  For  a permanent  reference,  record  each  measurement 
in  a field  notebook  as  follows: 
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Photo  No. 


Date  Point 


Approx. 
Line  Brg. 


Length  Description 


DGB-2E 

110 


27  Apr.  A 
1949 

A-B  NE 
B 


<f  rd.  at  bridge 
Roanoke  Chan. 

548’ 

N.W.cor.fld.N.  of 
rd.  and  E.  of  Chan. 


DGB-2E 

112 


27  Apr.  C 
1949 


D 


C-D  ENE  942' 


S.W. cor. fid. with  N-S 
lines,  N.  of  Roanoke 
Chan. 

S.E.cor.fld.with  N-S 
lines,  N.  of  Roanoke 
Chan. 


DGB-2E- 

4S 


27  Apr.  E 
1949 


F 


E-F  SSW  736’ 


<t  rd.in  line  with 
N-S  fence  W.  of  barn 
about  300’  W.  of  rd. 
junc. 

<t  rd.in  line  with 
N-S  fence  on  W.  side 
of  L-shaped  fid.  S. 
of  rd. 


3.  Have  prepared  from  these  photographs  a semicontrolled  photo 
mosaic  of  the  flood  plain  to  a scale  not  smaller  them  1"  = 400’. 

A film  positive  should  be  prepared  of  the  aerial  mosaic  on  22"  x 
30"  planprofile  sheets  with  the  aerial  mosaic  as  the  plan  portion 

of  the  sheet.  At  least  two  copies  of  each  film  positive  are  suggested- 
one  for  use  in  preparing  a problem  location  map  and  profile  of 
the  channel  and  flood  plain,  and  the  other  for  use  in  preparing  the 
location  plan  and  profile  of  channel  improvement.  Also,  ozalid 
prints  of  each  sheet  are  suggested  for  use,  as  working  copies  by 
all  planning  specialists  in  planning  and  evaluating  project  works 
of  improvement. 

4.  In  areas  for  which  USGS  topographic  maps  (scale  1"  = 2000’)  have 
been  completed  recently  by  photogrammetric  methods,  the  aerial 
mosaic  may  be  semicontrolled  to  these  USGS  quadrangle  sheets. 

In  this  case,  the  steps  outlined  in  items  1 and  2 above  would  not 
be  needed. 

Where  semicontrolled  photo  mosaics  are  used  for  horizontal  control, 
the  location  of  stream  channel  improvement  may  be  shown  on  these 
mosaics.  Other  existing  maps  or  plans  of  equivalent  accuracy  sometimes 
are  acceptable  for  this  purpose. 
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The  following  steps  are  needed: 

1.  Draw  a preliminary  centerline  in  pencil  on  the  mosaic,  showing 
curves,  intersecting  angles,  etc.  Plot  and  measure  intersection 
angles  by  the  tangent  method  for  accuracy.  To  locate  the  center 
of  curvature  accurately,  erect  perpendiculars  - do  not  use  triangles. 

2.  Walk  the  full  length  of  the  flood  plain,  noting  on  an  ozalid  print 
of  the  aerial  mosaic: 

Probable  channel  realignment, 

Points  of  significant  breaks  in  grade, 

Location  of  all  channel  cross  sections  obtained  with  a hand 
level, 

Location  of  all  rock  outcrops  or  critical  soil  conditions, 

Approximate  locations  where  valley  cross  sections  may  or 
should  be  obtained, 

Location  of  significant  tributary  junctions  and  places  where 
side  inlets  may  be  needed, 

Location  of  all  homes,  institutions,  roads,  parks  and  recreation 
areas  that  maybe  effected  by  the  channel  work.  These 
include  but  are  not  limited  to  facilities  that  are  within 
500  feet  of  the  alignment, 

Location  of  tree  areas  and  large  individual  trees  adjacent 
to  the  alignment, 

Location  of  utility  crossings,  such  as:  powerlines,  telephone 
lines  (aerial  or  buried)  and  pipelines.  Obtain  hand-level 
cross  section  of  the  channel  at  all  visible  pipeline  crossings 
to  show  general  relation  of  the  pipeline  elevation  with 
the  present  channel  bottom  and  bank  elevations,  and 

Location  of  fence  lines  and/or  apparent  property  lines,  foot 
bridges,  etc.,  if  not  already  visible  on  aerial  photo. 

3.  Make  a photo  record  of  the  landscape  surrounding  the  project  and 
record  the  viewsheds  of  the  project  from  view  points. 

4.  Following  the  field  check,  accurately  establish  the  revised  centerline 
on  the  photo  mosaic.  The  final  selection  of  alignment  should  be 
based  on  full  use  of  all  cross  section,  geologic  and  environmental 
data. 


5.  Show  the  actual  location  of  all  surveyed  cross  sections  on  the  photo 
mosaic. 

If  suitable  aerial  photographs  are  not  available  it  will  be  necessary 
to  establish  a base  line  in  the  field  by  means  of  an  instrument  survey. 
Where  feasible,  the  base  line  should  be  located  close  to  the  improvement 
area  but  outside  of  brushy  or  wooded  areas  and  any  probable  construction 
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areas.  This  will  facilitate  survey  work  and  avoid  the  necessity  of  establishing 
a new  baseline  at  the  time  of  construction.  This  is  usually  done  by 
staking  a series  of  tangent  lines  offset  a convenient  distance  from  the 
centerline  of  the  existing  channel.  It  is  recommended  that  all  points 
of  intersection  (Pi's)  of  the  tangent  lines  be  staked  with  metal  pins, 
when  practicable,  for  later  use  in  final  design  and  construction  layout 
surveys.  A closed  traverse  survey  should  be  made  on  this  baseline. 

For  closed  traverse  surveys,  the  error  of  angular  closure  should  not 
be  greater  than  1 . 5 minutes,  N being  the  number  of  angles  in  the 
traverse.  Horizontal  closure  of  chained  distances  should  not  exceed 
1.0  foot  per  1000  feet  of  traverse  length.  All  traverse  angles  should 
be  doubled  and  checked  by  comparing  computed  bearings  with  observed 
magnetic  bearings. 

The  use  of  a coordinate  system  will  often  facilitate  the  drafting  and 
layout  of  complex  horizontal  controls.  The  coordinates  should  be  related 
to  existing  systems  in  the  area,  where  established,  or  to  an  assumed 
origin  located  so  that  all  traverse  points  will  plot  in  the  same  quadrant. 

Vertical  control 


Vertical  datum.  — Mean  sea  level  datum  is  recommended  for  all  channel 
improvement  work. 

Bench  marks.  — Reasonably  permanent  bench  marks  should  be  established 
in  the  work  plan  stage  at  tributary  junctions,  at  or  near  bridges  or  culverts 
where  channels  intersect  roads,  and  at  the  beginning  and  epd  of  channels. 

In  addition,  bench  marks  are  suggested  at  approximately  one-half  mile 
intervals  along  the  valley  to  facilitate  the  survey  of  valley  cross  sections 
and  the  preparation  of  an  adequate  profile. 

All  bench  marks  should  be  set  by  making  turns  through  each  bench  mark; 
they  should  never  be  set  by  side  shots  from  the  level  circuit.  Level 
circuit  surveys  should  be  closed  within  the  required  degree  of  accuracy. 
The  bench  mark  may  be  a plate  or  cap  set  in  concrete,  a plate  on  a 
concrete  post  similar  to  those  used  by  USGS,  or  other  similar-  means 
that  will  give  the  same  degree  of  permanency.  Manufactured  survey 
markers,  consisting  of  metal  stakes  with  bronze  caps  are  sometimes 
used  because  they  are  relatively  inexpensive  and  can  be  set  quickly 
and  easily.  Where  manufactured  markers  are  not  used,  it  is  advantageous 
to  tag  each  bench  mark  with  an  aluminum  tag  showing  the  bench  mark 
number  and  elevation. 

Permissible  error  of  closure.  - - For  most  channel  work,  vertical  control 
is  of  paramount  importance.  Channel  designs  are  dependent  upon  the 
amount  of  fall  between  hydraulic  control  points.  Therefore,  "third 
order"  leveling  (i.e.,  .05  times  the  square  root  of  the  length  of  level 
circuit  in  miles)  should  be  maintained  for  all  bench  level  circuits,  including 
subcircuits  within  larger  circuits.  These  bench  marks  should  be  established 
to  the  specified  degree  of  accuracy  in  the  planning  stage  for  use  in 
both  the  planning  and  final  design  surveys. 


Stationing 


Main  channel.  - - The  base  line  should  be  stationed  in  conformance 
to  Engineering  Memorandum  SCS-39* 

Where  semicontrolled  aerial  mosaics  are  used  to  show  the  location  of 
channels,  mark  the  stationing  on  the  centerline  with  a short  dash  at 
each  ZOO-foot  point. 

Determine  the  stations  at  ail  cross  sections  and  the  pertinent  features 
noted  during  the  field  reconnaissance  by  scaling  the  distances  between 
points  on  the  aerial  mosaic.  Although  the  points  and  the  cross  sections 
may  be  numbered  both  on  the  mosaic  and  in  the  notebook,  these  points 
also  should  be  stationed  in  the  field  notebook  as  a permanent  record. 

Thus,  complete  profile  notes  are  obtained  without  actually  measuring 
the  distances  in  the  field. 

Where  preliminary  location  surveys  are  obtained  by  means  of  an  instrument 
survey,  stationing  is  accomplished  by  measuring  with  a chain  or  stadia 
in  the  field. 

Tributary  channels.  — Base  lines  on  tributary  channels  should  be  tied 
into  the  main  channel  base  line. 

Reaches 


The  length  of  design  reaches  normally  is  governed  by  the  distance  between 
points  where  a change  of  elements  of  the  channel  occurs,  such  as  the 
entry  of  a side  tributary  or  a change  in  gradient,  depth,  width,  etc. 

Where  the  elements  of  a channel  are  constant  for  relatively  long  distances, 
the  reach  should  be  subdivided  so  that  no  design  reach  will  exceed  about 
1/Z  mile  in  length. 

Cross  Sections 


Valley  flood  plain.  — The  survey  of  valley  cross  sections  used  to  develop 
water  surface  profiles  for  damage  evaluation  should  be  extended  on 
each  side  of  the  valley  to  be  above  the  maximum  high  water  mark  to 
permit  computation  of  flood  plain  storage  and  to  establish  the  vertical 
relationship  between  viewers  and  the  channel  work.  Normally,  this 
work  is  done  in  sufficient  detail  in  the  planning  stage  to  serve  for  both 
the  planning  and  final  design  requirements. 

Sufficient  points  should  be  surveyed  to  represent  adequately  the  hydraulic 
and  visual  characteristics  of  the  cross  section.  Elevations  should  be 
established  at  all  significant  changes  in  slope.  The  distance  between 
points  on  the  cross  section  should  not  exceed  300  feet  where  the  slopes 
are  relatively  uniform. 
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Channels.  — Channel  sections  are  required  to  make  reliable  estimates 
of  quantities  and  to  determine  easement  requirements.  They  should 
extend  far  enough  to  permit  improved  channel  alignment  without  additional 
surveys  or  at  least  50  feet  beyond  the  expected  right-of-way,  whichever 
is  greater.  The  allowable  distance  between  cross  sections  will  vary 
with  channel  and  valley  conditions.  Normally,  300  to  1000  feet  sire 
sufficient  for  work  plan  estimates.  These  sections  should  be  tied  into 
the  same  basic  datum  as  the  other  sections  in  the  watershed. 

Structures 


The  condition  and  serviceability  of  all  structures  should  be  recorded. 
Adequate  survey  data  are  needed  for  all  bridges  and  culverts  in  order 
to  compute  the  carrying  capacity  for  each.  A minimum  of  three  cross 
sections  is  needed  at  each  structure;  i.e.,  an  inlet  or  approach  section, 
a section  perpendicular  to  the  direction  of  flow  through  the  structure, 
and  an  exit  section.  The  entrance  and  exit  sections  usually  are  taken 
approximately  50  feet  from  the  respective  ends  of  the  structure.  The 
section  through  the  structure  should  include  the  size  of  the  opening, 
size  of  bridge  piers,  abutment  footing  elevations,  and  elevations  of 
the  bottom  of  bridge  girders  and  the  road  surface.  This  section  should 
be  extended  along  the  centerline  of  the  road  on  either  side  of  the  structure 
beyond  any  probable  overflow  elevations.  The  grade  and  length  and 
invert  elevations  of  all  bridges  and  culverts  also  should  be  obtained. 

See  National  Technical  Release  14. 

The  three  sections  described  for  bridges  and  culverts  also  should  be 
taken  for  all  grade  control  structures  along  the  channel.  Similarly, 
cross  sections  are  needed  for  all  rock  ledges  which  act  as  grade  or 
hydraulic  control  sections. 

Visual  Resources 


The  data  necessary  to  identify,  plan,  and  design  the  visual  resources 
will  vary  considerably  among  projects  and  may  vary  among  parts  of 
the  same  project.  For  example,  given  a flat  terrain  covered  solely 
by  a crop  pattern  with  only  stream  way  trees,  the  needed  data  may 
include  only  recording  the  possible  road  viewsheds  and  noting  how  the 
treetop  edges  contribute  visual  variety  or  a visual  sense  of  space.  However, 
in  an  urban  landscape  it  may  be  necessary  to  pinpoint  the  locations 
of  landscape  elements  such  as  large  trees,  accoustical  and  visual  screen 
shrub  masses,  and  landforms.  Landscape  architecture  survey  outline 
including  a visual  resource  survey  appears  in  Chapter  2,  Appendix  A. 

A more  detailed  discussion  of  visual  resources  and  landscape  architectural 
design  appears  in  Chapter  8. 

Plotting  Data 

General.  — Plan,  profile,  and  cross  section  data  obtained  during  the 
planning  stage  should  be  neatly  plotted  for  use  in  preparing  preliminary 
drawings.  The  scales  used  for  plotting  the  data  should  be  selected  so 
that  the  information  can  be  clearly  shown  on  as  few  sheets  as  practical 


Plan  data.  - - The  plan  should  show  the  location  of  the  existing  channel; 
base  line;  cross  sections;  apparent  property  lines;  general  land  use  of 
adjacent  areas;  bench  marks;  existing  vegetation,  noting  general  size 
and  specie,  especially  individual  trees  with  greater  than  6— inch  diameter 
and  trees  with  less  than  6-inch  diameter  that  are  unique  or  not  common 
for  the  watershed;  roads,  bridges  and  culverts;  houses  and  institutional 
buildings  that  are  within  or  adjacent  to  right-of-ways;  and  any  utilities 
that  may  fall  within  the  planned  right-of-way.  The  base  line  should 
show  either  azimuths,  bearings,  or  deflection  angles.  They  may  be 
shown  as  traced  from  aerial  photographs.  The  direction  and  stationing 
of  the  cross  sections  should  be  shown  on  the  plan.  The  plan  may  be 
made  from  an  overlay  of  corrected  8-inch  aerial  photographs,  plane 
table  sheets,  or  a plot  made  from  transit  survey  field  notes.  If  coordinates 
are  used,  they  should  be  shown  on  the  plan. 

Profile.  — Data  obtained  from  the  survey  of  valley  cross  sections  and 
cross  sections  surveyed  at  hydraulic  structures,  supplemented  if  necessary 
with  information  from  available  USGS  quadrangle  sheets,  should  be 
used  to  plot  a profile  of  the  existing  channel  and  valley.  Standard  sized 
sheets  of  profile  paper  or  plan-profile  paper  should  be  used  for  this 
purpose,  to  facilitate  preparation  of  preliminary  drawings.  (See  Figure 
2-1.) 


The  profile  should  show  the  water  surface  of  the  design  flood  for  present 
conditions;  the  present  ground  line;  the  existing  bottom  grade;  cross 
section  locations;  soil  investigation  sites;  the  elevation  and  location 
of  any  exposed  or  underground  utilities,  roads  and  existing  or  proposed 
bridges  and  culverts,  junctions  of  tributaries;  etc. 

It  may  be  desirable  to  plot  separate  profiles  for  use  in  considering  existing 
and  planned  conditions  if  it  is  expected  that  existing  alignment  will 
be  changed  significantly. 

Cross  sections.  — Cross  sections  should  show  any  existing  channels; 
the  intersection  with  the  base  line;  the  elevation  of  the  design  flood 
for  existing  conditions;  the  elevation  of  any  exposed  or  underground 
utilities;  and  any  existing  or  proposed  bridges. 

Preparation  of  Preliminary  Drawings 

Preliminary  drawings  may  include  plan,  profile  and  cross  sections  of 
all  channel  work  proposed  for  the  project.  In  the  case  of  large  complex 
channel  systems,  it  may  be  expedient  to  show  only  representative  channels 
in  this  degree  of  detail  in  order  to  reduce  the  bulk  of  the  preliminary 
document. 

In  either  case  the  following  preliminary  design  data  should  be  shown 
in  addition  to  the  survey  data  collected  as  shown  above: 
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1.  Proposed  channel  alignment  with  bearings  or  azimuth  should  be 
shown  for  each  tangent.  Curve  data  is  usually  not  needed  at  this 
stage  or  development. 

2.  Proposed  grade  and  water  surface  profile  should  be  shown  on  the 
profile  including  pertinent  elevations  and  invert  gradient. 

3.  Typical  cross  sections  showing  existing  and  proposed  sections  one 
for  each  type  or  size  of  proposed  section  should  be  included  on 
each  sheet  of  plan-profile. 

4.  If  structures  are  proposed  for  the  project,  a drawing  of  a typical 
structure  showing  general  dimensions  should  be  included. 

5.  Drawings,  sketches,  cross  sections  or  photo  montages  should  be 
included  to  illustrate  how  the  proposed  project  will  appear  in  the 
surrounding  landscape. 

Profile  and  cross  sections  may  be  omitted  in  reaches  to  be  cleared  and 
snagged  only. 

A horizontal  scale  of  1 inch  = 200  ft.  to  1 inch  = 1000  ft.  for  plan-profile 
is  usually  adequate  for  preliminary  drawings.  If  the  original  plot  of 
survey  data  can  be  made  to  the  same  scale  as  that  needed  for  drawings, 
considerable  time  and  effort  will  be  saved. 

Documentation 


All  data  developed  during  the  planning  phase  should  be  properly  documented 
and  filed.  This  will  insure  that  such  data  will  be  of  maximum  use  for 
future  reference.  All  notes,  computations,  and  drawings  should  be  properly 
identified  and  be  complete  so  that  they  can  be  used  in  preparing  detailed 
plans  for  design  and  construction.  The  data  should  be  dated,  since  Service 
criteria  are  modified  from  time  to  time.  All  papers  should  show  the 
initials  of  the  person  preparing  the  data  sheets  or  making  the  computations. 
A reference  should  be  made  to  indicate  the  methods  or  source  of  data 
used. 


Survey  for  Final  Design 


General  Requirements 

The  section  covering  "Design  Surveys  - Surface  Drainage"  in  the  National 
Engineering  Handbook  Section  16,  2/  Chapter  2,  will  serve  as  a useful 
reference  for  final  design  surveys,  where  applicable.  As  indicated  in 
the  NEH,  a staked  base  line  is  required.  An  exception  to  this  requirement 
may  be  made  where  clearing  and  snagging  is  the  only  work  needed  to 
provide  the  desired  level  of  protection.  For  this  condition,  no  additional 
surveys  over  those  recommended  for  planning  may  be  needed  for  design 
purposes.  However,  sufficient  data  must  be  obtained  to  permit  the 
determination  that  this  treatment  will  result  in  a stable  channel  which 


will  meet  the  desired  project  objectives. 

Field  Check  of  Design  Layout 

For  most  projects  it  is  highly  desirable  to  check  the  final  design  on 
the  ground.  Verify  the  following: 

1.  Alignment  and  stationing. 

2.  Rights-of-way  boundaries. 

3.  Construction  easement  limits. 

4.  Structure  locations. 

5.  Stationing  and  description  of  bench  marks. 

6.  Utility  locations. 

7.  Apparent  ownership  boundaries. 

8.  Woody  vegetation  locations,  including  individual  large  and/or  unique 
trees. 


9-  Home  and  institutional  locations  when  potentially  visible  from 
the  project  site. 

Land  Rights  Work  Maps 

The  land  rights  work  map  may  be  prepared  by  making  a full  scale  or 
photographically  reduced  overlay  of  the  appropriate  portions  of  the 
strip  map.  Judgment  must  be  exercised  to  insure  that  adequate  land 
rights  are  provided  for  the  channel,  spoil  bank  area,  visual  design  areas 
and  the  maintenance  and  construction  operations. 

Except  where  specified  otherwise  in  existing  state  laws,  the  land  rights 
work  map  should  show  the  existing  channel,  utilities,  apparent  ownership 
boundaries,  roads,  base  lines  showing  key  stations,  and  proposed  works 
of  improvement.  If  requested  by  the  sponsors  or  required  by  state  law 
the  apparent  acreage  of  right-of-way  for  each  landowner  should  be 
indicated  on  the  land  rights  work  map. 

A typical  cross  section  should  be  shown  on  the  land  rights  work  map 
to  illustrate  the  various  elements  of  the  proposed  works  of  improvement 
within  the  right-of-way  area.  When  utilities  are  involved,  the  actual 
cross  section  including  the  elevation  of  the  design  flow  should  be  shown 
at  the  intersection  with  the  utility. 
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Supplementing  Planning  Surveys 

Field  survey  data  obtained  in  the  planning  phase  must  be  supplemented 
to  provide  basic  design  data.  In  fact,  budgetary  considerations  will 
often  preclude  much  of  the  detail  described  above  for  the  planning 
phase  so  that  the  survey  data  used  in  preparing  preliminary  drawings 
may  be  of  little  value  as  design  data. 

Supplemental  data  needed  to  establish  the  visual  resource  design  may 
be  determined  by  the  outlines  shown  in  Chapter  2,  Appendix  A. 

Bench  levels  must  be  checked  and  supplemented.  Damaged  BM's  should 
be  reestablished  and  additional  bench  marks  should  be  set  and  tied  in 
as  needed. 

Coordinate  control  should  be  established  by  traverse  and  closed  within 
third  order  accuracy.  Triangulation  may  be  used  to  establish  control 
on  large,  complex  projects,  if  desired. 

Topographic  strip  maps  of  the  area  will  be  needed  for  layout  and  design. 

Data  for  these  maps  may  be  secured  either  by  plane-table  or  transit 
topography  tied  to  the  traverse.  Strip  map  data  must  be  secured  to 
provide  accurate  location  of  contours,  fences,  buildings,  bridges,  culverts, 
roads,  utilities,  the  edges  of  woody  vegetation  areas,  large  trees,  orchards, 
existing  drainage  or  irrigation  ditches  and  structures,  and  all  other 
physical  or  man-made  features  within  the  probable  limits  of  work. 

Test  pits  arid  borings  should  be  accurately  located  and  the  elevation 
should  be  established  on  a reference  hub  adjacent  to  the  site. 

Preparation  of  Strip  Maps  and  Profile 

Strip  maps  should  be  plotted  to  the  same  scale  as  that  intended  for 
final  drawings  - usually  1 inch  = 40  ft.  to  1 inch  = 200  ft.,  depending 
on  the  detail  needed.  For  convenience,  strip  maps  should  be  plotted 
on  transparent  paper  or  cloth  sheets  not  exceeding  42  inches  in  width 
and  20  ft.  in  length.  This  provides  sufficient  length  for  proper  selection 
of  long  tangents  and  curves  for  the  "paper  location." 

""rial  locations  complete  with  stationing  and  curve  data  are  then  superimposed 
on  prints  of  the  strip  maps  and  profiles  are  plotted  on  equally  long  profile 
sheets  to  permit  selection  of  long  tangent  grades. 

As  the  hydraulic  design  progresses  and  design  cross  sections  are  selected 
one  of  the  alternate  locations  will  usually  emerge  as  apparently  superior. 

The  best  apparent  alternate  including  right-of-way  requirements  should 
then  be  drawn  on  the  strip  maps.  Design  grades  and  cross  sections  should 


be  drawn  on  the  strip  profile.  Prints  should  then  be  made  of  both  the 
maps  and  profiles  for  field  checking,  prior  to  tracing  final  drawings 
on  standard  sheets. 
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1 The  purpose  of  this  sheet  is  to 

IDENTIFY  GRAPHICALLY  THE  RESOURCE 
VALUE  OF  LANDSCAPE  ELEMENTS  OCCUR- 
RING WITHIN  OR  ADJACENT  TO  THE 
R/W  S OF  CHANNELS  PROPOSED  FOR 
MODIFICATION  UNDER  THIS  CONTRACT. 

Three  major  resources  were  stu- 
died. (1)  WINDBRAKE  resource, 
WILDLIFE  HABITAT  RESOURCES, 

AND  (3)  VISUAL  RESOURCES . 

3 The  relative  value  of  each  re- 
source CAN  BE  IDENTIFIED  AT  ANY 
POINT  ON  THE  CHANNEL  TO  BE  MODI- 
FIED. (SEE  LEGEND  FOR  IDENTI- 
FICATION OF  SYMBOLS.) 


C DENOTES  VISUAL 
RATING  AS  VIEWED 
ITHER  SIDE  OF  CHAN- 


FIGURE  2-4 


SAMPLE  LANDSCAPE 
VALUE  SURVEY 
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SOIL  CONSERVATION  SERVICE 
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NOTES 


1 The  purpose  of  this  sheet  is  to 

IDENTIFY  GRAPHICALLY  THE  RESOURCE 
VALUE  OF  LANDSCAPE  ELEMENTS  OCCUR- 


2 Three  major  resources  were  stu- 
died. (1)  WINDBRAKE  RESOURCE. 

41LDLIF 

AND 

3 The  relative  value  of  each  re- 
source CAN  BE  IDENTIFIED  AT  ANY 
POINT  ON  THE  CHANNEL  TO  BE  MODI- 
FIED. (SEE  LEGEND  FOR  identi- 
fication OF  SYMBOLS.) 


FT  SO  THAT  OBSERVERS  WILL  BE 
LOOKING  DOWN  ON  CHANNEL.  (TIME 
OF  VIEWING  3 50  MPH  IS  5 SEC.) 
CHANNEL  ALIGNMENT  IS  SUCH  THAT 
LENGTHY  DOWN  CHANNEL  VIEWS  WILL 
BE  CREATED.  "SELECTIVE  TREES 
COULD  BE  LEFT  WITHIN  THE  CLEARING 
LIMIT  TO  BREAK  UP  SIGHT  LINE  DOWN 
CHANNELWAY.  * SPOIL  PLACEMENT 
AND  SHAPING  SHOULD  BE  PERFORMED  TO 
SIMULATE  MORE  NATURAL  LAND  FORM 
CHARACTERISTICS. 

5 The  channelway.  including  wood- 
land EDGES  IS  NOT  SIGNIFICANTLY 
VIEWABLE  FROM  PAVED  COUNTY 
ROADWAY  OR  RESIDENCES  WEST  OF 
PROPOSED  CHANNEL  MODIFICATION. 


6 The  channelway  (particularly  the 

WOODLAND  EDGE)  IS  IN  CLOSE  PROXIM- 
ITY TO  A GRAVELLED  COUNTY  ROADWAY 
AND  A NUMBER  OF  RESIDENCES.  SIGHT 
LINES  ARE  PRIMARILY  PERPENDICULAR 
INTO  WOODLAND  EDGE.  VISUAL  QUAL- 


FROM  STATION 


ITY  IS  HIGH  BECAUSE  OF  THE  WIDI 
SECTION  OF  WOODLAND  AREA  (200- 
800  FT.).  CHANNEL  MODIFICATION 
WILL  BE  SCREENED  FROM  VIEW  AND 
VISUAL  QUALITY  WOULD  NOT  BE 
ALTERED.  * CLEARING  SHOULD  BE 
LIMITED  TO  THE  MINIMUM  NEEDED 
FOR  EXCAVATION  AND  SPOIL 
SPREADING  ON  BOTH  SIDES. 


7 Visual  value  of  woodland  edge 

RATED  PROXIMITY  MODERATE  BECAUSE 
OF  RESIDENCE.  NEED  TO  RETAIN 
TREE  LINE  TO  SCREEN  CHANNEL 
WORK. 


THUS  VISUAL  RATING  OF  15.  * SHOULD 
ATTEMPT  TO  MAINTAIN  TREE  LINE 
EDGE  ON  ONE  SIDE. 

9 On  reaches  of  the  channel  where 
ANY  RESOURCE  VALUE  IS  RATED  3 
15  I.E..  WB-15.  w-lo.  V-5.  CON- 
STRUCTION SHOULD  BE  LIMITED  TO 


OF  WOODLAND  EDGE  FOR  ONE  PURPOSE 
OR  ANOTHER  WOULD  NORMALLY  BENEFIT 
OTHER  RESOURCES. 


KEY 


PAVED  COUNTY  RD.  MODERATE 
TO  LOW  DUTY 
GRAVELLED  COUNTY  RD. 

LOW  DUTY 

CONTOUR  LINE  (5  FT.  INTER- 
VAL) 

RESIDENCE 

WOODLINE 


<3  SIGHT  LINES  OF  SIGNIFICANCE 

LIMITS  OF  VALUE  RAT1N6S 
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Wb 

WINDBRAKE 

W 

WILDLIFE  HABITAT 

V 

VISUAL  RESOURCE 

V* 

ASTERIC  DENOTES  VISUAL 
VALUE  RATING  AS  VIEWED 
FROM  EITHER  SIDE  OF  CHAN- 
NEL 

RATING! 

15 

HIGH  VALUE 

10 

MODERATE  VALUE 
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INSIGNIFICANT 
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LOW  VALUE 
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Visions  After  Construction:  Winter 
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Visual  Conditions  Before  Construction:  Winter 
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Visual  Conditions  After  Construction:  Winter 
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CHAPTER  2.  APPENDIX  A. 

LANDSCAPE  ARCHITECTURE  SITE  SURVEY  AND  ANALYSIS 

INTRODUCTION 


The  goals  of  landscape  architecture  are  to  identify,  analyze,  plan  and 
design  so  as  to  retain,  replace,  or  improve  as  many  landscape  resource 
values  as  possible.  Material  in  this  Appendix  will  cover  the  identification 
and  analysis  procedures.  Planning  and  design  will  be  discussed  in  Chapter  8. 
Material  presented  in  this  technical  release  assumes  prior  landscape 
architectural  inputs  have  occurred  in  the  development  of  project  alterna- 
tives. Some  of  the  material  discussed  herein  could  be  used  in  the  initial 
project  assessment  phase. 

Meeting  the  goals  of  landscape  architecture  in  channel  work  does  not 
always  mean  a channel  should  be  built  to  appear*  as  it  did  before  the 
project  or  necessarily  to  appear  sis  a "natural  landscape."  The  project 
site  appearance  can  change  drastically,  as  long  as  the  landscape  resource 
values  have  been  retained,  replaced,  or  improved.  To  achieve  these 
goals  the  following  four  step  procedure  should  be  followed: 

1.  Landscape  Architecture  Site  Survey  to  identify  and  map  the 
landscape  use  and  visual  resource  values*  and  to  modify  these  values 
as  indicated  by  project  visibility. 

2.  Landscape  Architecture  Site  Analysis  to  identify  opportunities 
and  problems  and  to  define  objectives  so  as  to  utilize  opportunities 
and  overcome  problems. 

3.  Planning  to  identify  alternates  that  achieve  the  objectives. 

In  this  phase  the  landscape  architectural  objectives  merge  with 
other  engineering  objectives  to  find  the  best  possible  alternatives. 

4.  Design  to  detail  the  chosen  alternative  so  as  to  achieve  the 
best  structural  and  environmental  solution. 

LANDSCAPE  ARCHITECTURE  SITE  SURVEY 


Any  landscape  architecture  (LA)  site  survey  includes  two  basic  factors 
the  landscape  (its  physical  characteristics)  and  people  (how  they  see 
and  use  the  landscape.)  Judgment  should  be  used  to  determine  what 
data  are  needed.  Obviously  the  scope  and  detail  of  the  data  will  vary 
depending  upon  the  size  and  location  of  the  channel.  Both  the  explict 
value  of  the  landscape  and  some  sense  of  the  landscape's  implicit  value 
as  perceived  by  its  users  and  viewers  must  be  considered  in  channel 


* Note:  definition  may  be  found  in  Glossary  at  the  end  of  Appendix  A. 
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work.  For  example,  a channel  may  have  a straight  alignment  and  may 
be  a previously  dug  ditch;  but  it  may  be  perceived  as  valuable  because 
it  is  used  by  the  public  as  an  open  space.  A LA  site  survey  for  channel 
work  should  cover  the  following  factors: 

1.  Landscape  Use  Value 

2.  Visual  Resource 

3.  Project  Visibility 

1.  Landscape  Use  Value 


The  LA  site  survey  should  note  how  the  existing  project  area  is  used 
by  the  public.  In  most  cases,  channel  work  can  be  designed  so  the  landscape 
will  retain  its  utility  for  human  use,  while  improving  its  hydrologic 
characteristics.  Data  to  be  noted  and/or  mapped  for  various  reaches 
include  but  are  not  limited  to: 

A.  Identifying  places  where  existing  streamway  vegetation  function  as  a: 

(1)  Shelterbelt  to  help  control  wind  erosion. 

(2)  Privacy  screen  between  homes. 

(3)  Buffer  between  incompatible  land  uses  such  as  industrial  and 
residential  areas. 

(4)  Noise  barrier  such  as  between  homes  and  a busy  highway. 

(5)  Safety  barrier  controlling  pedestrian  traffic  such  as  between 
schools  and  roads. 

(6)  Climate  shelterbelt  such  as  a wind/sun  screen  providing  energy 
conservation  to  homes  and  institutions. 

B.  Identifying  areas  along  the  streamway  that  function  as  or  contain: 

(1)  Pedestrian  paths  between  homes,  schools  and  commercial  areas. 

(2)  Recreation  areas  contiguous  to  existing  playgrounds,  schools 
and  parks. 

(3)  An  open  space  or  environmental  corridor  within  a developed 
area. 

2.  Visual  Resource  (VR)  Value 


Investigating  the  visual  resource  values  should  not  involve  a personal 
judgment  as  to  beauty.  For  example,  a previously  dug  ditch  might  be 
judged  as  "ugly"  and  yet  have  high  VR  value  because  it  provides  variety 
in  an  otherwise  monotonous  landscape.  A concrete  drop  structure  may 
be  judged  "ugly"  and  yet  have  high  VR  value  because  it  relates  architecturally 
to  the  surrounding  landscape.  Visual  resource  value  involves  an  assessment 
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of  several  measurable  factors.  The  factors  cited  in  Rating  Charts  A- 
C below  were  developed  from  research  and  preference  studies  cited 
at  the  end  of  this  Appendix.  These  charts  must  be  used  within  a local 
frame  of  reference  and  must  be  verified  by  citizen  participation.  For 
example,  water  carrying  sediment  may  appear  relatively  muddy  or  clear 
depending  on  the  appearance  of  other  streams  within  the  area. 


The  Rating  Charts  A-C  below  rank  VR  values  into  only  two  groups, 
high  or  low.  One  or  more  middle  groups  do  exist  between  high  and  low. 
These  charts  should  be  expanded  into  at  least  three  groups  and  the 
criteria  shifted  to  fit  the  locale.  For  example,  crystal  clear  water 
(Chart  B,  item  1)  may  not  exist  in  a locale.  In  that  case,  the  clearest 
water  for  the  locale  should  be  rated  as  a high  value  visual  resource 
and  all  other  water  clarity  rated  in  comparison  to  it.  Investigation 
of  VR  values  include,  but  is  not  limited,  to  identifying  and/or  mapping 
the  existing  landscape  as  to  the  following. 


RATING  CHART  A:  Visual  Resources  of  Streamway  and  Surrounding  Landscape 

Rural  Areas 


High  Value  Visual  Resource 

(1)  Adjacent  landscape  has  no 

linear  patterns,  no  agricultural 
activity,  few  or  no  manmade 
structures. 


(2)  Streamway  has  the  major 
trees  in  the  landscape 
providing  the  only  variety 
and  spatial  definition  to 
surrounding  landscape. 

(3)  Surrounding  landscape 
has  no  visual  detractors 
(strip  mining,  derelect 
lands,  erosion,  etc.)  and/or 

is  highly  maintained  with  obvious 
care  for  its  appearance. 


Low  Value  Visual  Resource 

(1)  Adjacent  landscape  contains 
many  linear  forms  and 
patterns,  (other  channels, 
transmission  lines,  field 
patterns). 

(2)  Streamway  provides  no 
spatial  definition  or  variety 
to  surrounding  landscape. 


(3)  Surrounding  landscape 

has  obvious  visual  detractors. 


247-927  0-78-3 
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Urban  Areas 


(1) 

Streamway  area  is  highly 
maintained  (lawn,  shrubs  and 
trees)  and/or  is  a visual  part  of 
residential  lots,  school  grounds 
and  parks. 

(1) 

Streamway  area  is  not 
a visual  part  of  any  main- 
tained area. 

(2) 

Adjacent  landscape  is  highly 
maintained  with  obvious  care 
for  its  appearance  (lawns, 
residential  gardens,  industrial 
parks). 

(2) 

Adjacent  landscape  is 
derelict,  poorly  maintained 
with  no  obvious  concern 
of  its  appearance. 

(3) 

Large,  mature  and/or 
flowering  trees  along  stream- 
way. 

(3) 

No  significant  woody 
plants  along  streamways. 

RATING  CHART  B:  Visual  Characteristics  of  the  Water 

High  Value  Visual  Resource 

Low  Value  Visual  Resource 

(1) 

Clear,  generally  trans- 
parent water. 

(1) 

Visible  color  or  turbidity, 
and/or  pollution  and/or 
algae. 

(2) 

Desirable  drift  material 
such  as  leaves. 

(2) 

Floating  debris  and  trash. 

(3) 

Variety  of  bottom  material 
(bedrock  boulders,  gravel 
or  unique  bottom  material 
for  area). 

(3) 

Homogenous  bottom  material 
commonly  found  in  all 
area  streamways. 

(4) 

Conspicuous  water  movement, 
rapids,  riffles  or  slow  move- 
ment with  high  reflecting 
ability. 

(4) 

No  open  water,  weed 
choked  or  imperceptible 
water  movement  with 
no  reflecting  ability. 

(5) 

Variety  of  movement  from 
fast  reaches  to  still  pools. 

(5) 

Homogenous  movement 
with  no  visible  variety. 
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RATING  CHART  C:  Visual  Resources  within  the  Streamway 


High  Value  Visual  Resource  Low  Value  Visual  Resource 


(1) 

Stream  way  is  obvious, 
meandering  visual  edge 
in  landscape. 

(1) 

Previously  dug  straight 
ditch. 

(2) 

Variety  of  streambank  slopes. 

(2) 

Uniform  streambank 
slopes. 

(3) 

Variety  in  size  and  shape  of 
cross  section. 

(3) 

Uniform  cross  section. 

(4) 

Unique  streamway  vegetation 
compared  to  surrounding  land- 
scape (cypress,  beech,  birch). 

(4) 

Vegetation  in  streamway 
is  weedy  or  commonly 
seen  in  surrounding  lands 
scape. 

3.  Project  Visibility 

Investigate  the  types  of  viewers  and  their  significant  viewsheds*  to 
determine  how  visible  the  project  will  be  within  a locale.  Determining 
the  public's  opportunities  to  see  the  project  will  modify  the  use  and 
visual  resource  values  determined  previously.  The  charts  below  are 
guides  to  identifying  project  visibility  and  evaluating  its  significance. 
The  guides  should  be  modified  to  fit  a local  context.  For  example, 
viewers  who  may  see  the  project  one  time  only  may  or  may  not  need 
to  be  considered  depending  on  the  local  frame  of  reference.  Visibility 
factors  to  be  noted  and/or  mapped  include  but  are  not  limited  to: 

CHART  D:  Viewers 


Critical 

Important 

Normal 

Purpose  of 
seeing  or 
being  on 
project  site 

•Homeowner, 

including 

farmer 

•Recreationist 
•Tourist 
•Local  resident 

•Resident  of 
region 
•Adjacent 
businessman 
•Students  at 
school 

•Farmer  at 
work 

Frequency 
of  view 

• Daily  >1  min 

• Daily  <1  min 
•Infrequent  but 
for  longer  time 
periods  >1  hour 

•Infrequently 
for  short 
time  periods 

Speed  of 
viewer 

Slow  such  as 
•Pedestrian 
•Bicyclist 
•Canoe  or  slow 

•Moderate 
15-30  MPH 

•Fast  30  MPH 

moving  boat 
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CHART  E:  Viewshed  and  Viewpoints 


Critical 

Important 

Normal 

Viewpoint 
location 
relative  to 
project 

•Elevated  as  ‘Elevated  <20' 

from  bridge, 
road,  or  two 
story  bldg.  (>  20’) 

• Ground  level 

•Scenic  hwy 
or  overlook 

•Interstate, 
state  or  busy 
country  roads 

• County  or  farm 
road 

•From  resi- 
dential, insti- 
tutional or 
recreational 
areas 

•From  isolated 
home  or  farm- 
stead 

• From  commercial 
areas 

Location  of 
project  within 
viewshed 

•Foreground* 

only 

•Foreground  to 
background* 
or  a long  vista 
on  channel 

•Middleground* 

only 

•Middleground 
and  background 

* Background  only 

See  Figures  2-5  and  2-6  for  examples  of  viewshed  maps. 


LANDSCAPE  ARCHITECTURE  SITE  ANALYSIS 


The  intensity  of  a site  analysis  will  vary  between  projects  but  the  following 
steps  remain  the  same: 

1.  Locate  opportunity  and  problem  sites  in  the  project  area. 

2.  List  in  priority  the  landscape  architecture  objectives  for 
both  problem  and  opportunity  areas. 

3.  Document  the  analysis  in  a supporting  data  file. 

1.  Opportunity  and  Problem  Sites 

Opportunity  sites  are  defined  as  areas  where  the  channel  design  may 
retain  or  rehabilitate  existing  landscape  values.  Problem  sites  are  defined 
as  areas  where  the  channel  design  may  reduce  or  eliminate  existing 
landscape  values.  Opportunities  and  problems  are  located  by  superimposing 
landscape  value  areas  (use  and  visual)  and  project  visibility  data.  For 
example,  an  area  of  low  visual  resource  value,  moderate  project  visibility 
and  high  use  may  be  an  opportunity  site;  whereas  an  area  of  high  visual 
resource  value,  high  use,  and  moderate  project  visibility  may  be  a problem 
area.  The  relative  importance  of  the  visual  resource  value,  use  value 
and  visibility  within  the  decision  process  can  shift  depending  on  the 
project.  For  example,  retaining  the  use  value  of  the  landscape  may 
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be  most  important  in  some  locations;  while  in  other  areas  retaining 
the  visual  resource  values  may  come  first. 

2.  Landscape  Architecture,  (LA),  Objectives 

The  LA  objectives  should  be  the  logical  outcome  of  the  LA  analysis, 
and  a LA  design,  (Chapter  8)  should  be  the  logical  product  of  the  objectives. 
The  success  of  the  final  design  will  depend  on  how  well  the  site  analysis 
has  been  done  and  how  clearly  the  landscape  architectural  objectives 
have  been  stated.  These  objectives  should  be  prioritized  and  stated 
as  objectives,  not  design  solutions.  For  example,  an  objective  might 
be  "to  retain  the  climate  shelterbelt  value  of  urban  trees."  The  various 
options  for  achieving  this  might  include;  moving  the  channel  alignment, 
changing  the  side  slopes  to  retain  trees,  selective  clearing  to  retain 
the  most  functional  trees  or  replanting  with  mature  trees.  The  decision 
to  choose  among  these  design  options  should  be  correlated  with  other 
engineering  factors  in  final  design. 

3.  Documentation 


Documentation  of  the  site  survey,  analysis  and  objectives  can  be  done 
on  several  formats:  reports,  maps  with  notes,  photo  record  with  notes, 
computer  graphics  or  a combination  of  any  of  these.  Often  the  analysis 
and  documentation  can  be  done  in  a single  process  by  mapping  with 
notes  (See  Figure  2-4).  A photographic  record  of  use  and  visual  resource 
value  areas  and  critical  viewsheds  should  be  done  for  all  channels  in 
urban  areas  or  areas  of  projected  future  urban  development. 
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GLOSSARY 


1.  BACKGROUND  is  the  viewshed  zone  most  distant  from  the  viewer. 
Details  are  not  seen  in  this  zone.  The  horizon  line  is  prominent 

in  this  zone  as  are  general  form,  colors,  and  textures. 

2.  FOREGROUND  is  the  viewshed  zone  nearest  the  viewer.  It  is 
the  zone  in  which  details,  such  as  construction  joints,  movement 
of  water  and  the  finish  of  earth  grading,  are  visible. 

3.  MIDDLEGROUND  is  the  viewshed  zone  between  the  back  and 
foreground.  Some  details  can  be  seen  in  this  zone  but  only  those 
which  are  in  sharp  contrast  visually. 

4.  VIEWSHED  is  the  zone  of  view  or  volume  in  a given  direction  as 
seen  from  a specific  viewpoint. 

5.  VISUAL  RESOURCE  is  the  appearance  of  the  landscape  as  described 
by  the  measurable  visual  elements;  topography,  vegetation,  water, 
and  human  structures  and  patterns,  and  by  the  measurable  patterns 
of  interaction  among  these  elements. 

6.  VISUAL  RESOURCE  VALUE  is  the  relative  desirability  of  a visual 
resource  unit  as  evaluated  by  rational  criteria. 
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CHAPTER  3.  SITE  INVESTIGATIONS 


Introduct ion 

Methods  of  investigation  and  testing  of  soil  conditions  along  a channel 
system  are  discussed  in  this  chapter.  The  purposes  of  these  investiga- 
tions and  testing  are  to  evaluate  the  resistance  of  the  soils  in  the 
bed  and  banks  of  the  channel  to  erosion  forces,  to  evaluate  the  sediment 
transport  relationships,  to  determine  slope  stability  against  sloughing 
and  sliding,  to  estimate  earth  loads  that  may  act  on  structural  members, 
and  to  determine  the  rate  of  water  movement  through  the  soils. 

The  procedures  include  identification,  sampling,  and  testing  or  evalua- 
tion of  stratigraphic  units  encountered  in  the  channel  system  to  be 
modified  and  an  evaluation  of  the  sediment  transport  characteristics 
of  the  system. 


Investigation  Requirements 

There  are  conditions  specific  to  investigations  for  channel  improve- 
ments that  cause  them  to  differ  from  investigations  at  other  types  of 
construction  sites.  One  usually  significant  difference  is  that  channels 
may  extend  for  many  miles  through  a variety  of  materials.  This  fact 
demands  that  data  obtained  from  any  one  test  hole  must  be  correlated 
on  as  knowledgeable  a basis  as  possible  with  data  obtained  at  the  next 
test  hole,  both  upstream  and  downstream.  A distinguishing  feature  of 
investigations  for  channel  improvements  is  that  almost  always  they  are 
located  in  alluvial  material.  The  stability  of  channels  is  affected 
by  watershed  conditions  upstream  that  control  the  availability  of  bed 
material,  and  by  ground-water  conditions  at  the  site.  A similarity 
with  foundation  investigations  for  other  structure  sites  exists  in 
that  the  in-place  characteristics  of  the  soil  materials  are  very 
important  if  these  characteristics  that  pertain  to  erodibility  differ 
from  those  that  exist  when  the  material  is  disturbed. 

The  following  sequence  of  work  is  needed  to  appropriately  recognize  the 
conditions  specific  to  investigations  for  channel  improvements  while 
ensuring  that  an  adequate  amount  and  type  of  data  are  obtained. 

1.  Determine  the  geomorphology  of  the  deposits  in  which  the  channel 
is  to  be  located  to  the  limit  necessary  for  this  purpose. 

2.  Identify  stratigraphic  units  along  the  proposed  channel  route 
and  to  a depth  of  at  least  three  feet  below  the  invert  or  channel 
bottom  elevation  as  proposed.  A stratigraphic  unit  is  defined  in 
this  instance  as  an  identifiable  stratum  of  alluvium  or  other  soil 
material  whose  susceptibility  to  erosion  is  a reflection  of  the 
original  materials,  mode  of  accumulation  and  the  changes  that  have 
occurred  since  deposition  or  soil  formation. 
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3.  Log  soils  within  stratigraphic  units  and  classify  and  sample  for  eval- 
uation or  determination  of  erodibility  characteristics. 

Geomorphology  of  Deposits 
Significance  of  the  Stratigraphic  Unit 

There  are  a number  of  factors  which  influence  the  erodibility  or  stability 
of  soil  materials.  Erodibility  and  stability  are  explained  in  this  context 
as  responses  of  the  soils  to  the  environment  of  channel  boundaries.  Erosion 
results  from  the  flow  of  water  against  the  boundary  as  expressed  by  mean 
velocity,  tractive  force,  or  a combination  of  these  parameters  such  as 
tractive  power,  the  product  of  mean  velocity  and  tractive  force.  Instability 
of  stream  banks  often  results  from  internal  seepage  forces.  The  soil's 
ability  to  resist  erosion  is  affected  by  the  kinds,  amount,  and  character 
(dispersive  or  aggregated)  of  clay,  the  amount  and  size  distribution  of 
coarse  particles,  and  the  nature  and  amount  of  cementing  agents.  The  term 
coherent  is  used  to  describe  soils  that  resist  erosion  as  a mass  because 
of  bonding  action  of  clay,  cementing  agents  or  other  causes.  The  climate 
and  age  of  the  deposit  since  its  accumulation  have  a strong  bearing  on 
these  erodibility  characteristics.  There  is  an  almost  infinite  variation 
that  can  occur  in  each  of  these  factors  and  in  their  influence  on  the 
others.  Deposits  change  with  geologic  time.  Each  change  produces  an 
expression  of  the  dominant  factor  and  interfactor  relationships  persisting 
at  that  time.  Thus,  a combination  of  forces  acting  on  a deposit  produce  a 
layer  of  material  identifiable  as  a stratigraphic  unit.  Relative  uniformity 
of  location  in  an  alluvial  profile,  uniformity  of  appearance,  and  erodibility 
are  a result  of  a similarity  in  source  of  materials,  the  history  of 
deposition,  and  the  weathering  characteristics  associated  with  the  areas. 

In  time,  with  certain  exceptions,  weathering,  consolidation,  cementation, 
accumulation  of  humus  or  other  influences  increases  the  significance  of 
structure  on  erodibility.  By  the  same  token  the  significance  of  local 
variations  in  texture  is  diminished. 

The  delineation  of  stratigraphic  units  simplifies  the  field  investigations 
in  that  the  units  may  extend  for  distances  that  can  include  the  entire 
route  of  channels  to  be  improved.  Their  thickness  and  depth  below  the 
surface  may  be  relatively  uniform  and  consistent,  providing  a means  for 
correlation  and  representative  sampling.  At  the  other  extreme,  alluvial 
fan  deposition  can  result  in  a heterogeneous  mixture  of  sand,  silt  and 
gravel  where  correlation  of  individual  beds  may  be  not  only  impossible 
but  not  particularly  useful. 
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Identification  of  Stratigraphic  Units 

The  origin  of  the  defined  stratigraphic  units  as  alluvium  dictates  that 
certain  relationships  existed  between  the  deposits  and  the  carrying 
capacity  of  the  stream  at  the  time.  Further,  the  relationships  that 
exist  today  are  not  necessarily  the  same  as  at  the  time  the  sediment  was 
deposited.  For  example,  during  portions  of  the  Pleistocene,  runoff  and 
sediment  transport  were  on  an  appreciably  larger  scale  than  at  present. 

The  primary  identifying  characteristics  of  a stratigraphic  unit  are: 
color,  thickness,  grain  size  distribution,  texture,  structure,  plasticity, 
consistency,  density,  dispersive  characteristics  and  cementation. 

Slight  variations  that  may  occur  do  not  necessarily  signify  the  presence 
of  a new  stratigraphic  unit,  particularly  if  the  deposits  are  conform- 
able with  units  above  and  below  the  one  being  described. 

The  location  of  stratigraphic  units  areally  within  the  alluvial  valley 
is  as  important  as  their  position  and  identification  within  the  vertical 
profile.  Because  most  alluvial  channels  meander  about  within  a rela- 
tively short  geologic  time  period,  it  is  probable  that  stratigraphic 
units  in  a valley  confined  by  side  slopes  will  be  at  about  the  same 
elevation  across  the  valley.  This  requires  field  checking  before 
assuming  a uniform  valley-wide  distribution  of  stratigraphic  units 
exists . 

Geomorphic  History  as  a Determinant  of  Erosion  Resistance 

The  history  of  the  stratigraphic  unit  from  the  moment  of  deposition 
determines  its  erosion  resistance.  The  grain  size  distribution  and 
texture  of  the  deposit  is  initially  the  most  important  characteristic 
and  it  may  remain  so  if  the  environment  following  deposition  is  not 
conducive  to  modifications  tending  to  change  the  arrangement  or  bonding 
of  particles.  These  modifications  can  be  produced  by  one  or  a number 
of  post  depositional  changes  such  as  the  movement  downward  of  particles 
from  the  overlying  deposits,  by  weathering,  by  consolidation  or  chemical 
action  that  increases  or  decreases  the  bond  between  particles. 

The  result  of  this  geomorphic  history  is  that  the  stratigraphic  unit 
responds  in  characteristic  manner  to  the  hydraulic  forces  that  may  be 
exerted  against  its  exposed  profile.  The  unit  may  remain  as  individual 
particles  free  of  any  bond  with  adjacent  ones,  or  it  may  resist  as  a 
mass  due  to  coherence  between  particles.  The  bond  between  particles 
that  may  be  reflective  of  a long  history  in  a particular  environment 
may  be  destroyed  when  the  profile  is  disturbed. 
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The  following  is  an  example  of  the  depositional  and  environmental  influ- 
ences that  can  affect  the  erosion  resistance  of  a stratigraphic  unit. 

A sequence  of  stratigraphic  units  may  indicate  that  in  this  instance  they 
are  alluvial  deposits  consisting  of  (1)  light  colored,  finely  stratified 
noncoherent  silt  and  fine  sand  about  two  feet  thick.  Below  this  unit  there 
is  (2)  a compact  dark  gray  clayey  silt  horizon  several  feet  in  thickness. 
Then  there  is  (3)  a layer  of  gravel  in  a matrix  of  compact  brown  silty 
clay  that  starts  a foot  above  the  stream  bed  in  the  exposed  banks  and 
extends  below  the  streambed  and  the  proposed  invert  grade  to  unknown  depths 

The  reasons  for  a uniqueness  in  character  of  stratigraphic  units  within 
a profile  are  several  fold.  Taking  the  profile  cited  above  as  an  example, 
the  number  1 stratigraphic  unit  of  this  hypothetical  profile  is  an  accumu- 
lation of  recent  sediment.  Soil  forming  processes  have  not  had  time  to 
modify  the  sediment’s  characteristics  over  that  contributed  by  the  texture 
and  grain  size  distribution  of  the  transported  sediment  and  its  mode  of 
deposition.  The  bulk  of  unit  2 accumulated  either  as  a mixture  of,  or 
dominantly  of,  lateral  accumulation  as  the  stream  meandered  or  vertical 
accumulation  during  overbank  flooding.  The  developed  soil  in  this  unit 
indicates  a following  period  relatively  free  of  deposition  or  erosion. 

Time  was  available  for  limited  weathering  of  the  sediment,  and  for  humus 
to  accumulate.  The  gravel  layer  identified  as  unit  3. was  deposited  at  a 
time  of  relatively  high  velocity  flow.  The  high  discharges  that  brought 
down  the  gravel  could  have  formed  a braided  wash  that  extended  from  one 
side  of  the  valley  to  the  other.  During  flows  of  lower  velocities  fine 
sediment  was  deposited  and  migrated  into  the  gravels.  With  age  and 
weathering  of  clay  forming  materials  this  stratigraphic  unit,  with  its 
characteristic  erosion  resistance  properties,  evolved. 

The  sediment  source,  texture,  and  mode  of  deposition  of  units  1 and  2 
could  be  very  similar,  yet  their  appearance  including  color,  degree  of 
consolidation,  and  erosion  characteristics  can  be  quite  different.  These 
differences  created  by  changes  occurring  since  deposition  can  vary  widely 
depending  upon  the  interaction  of  the  average  annual  climatic  environment: 
humid  or  arid,  cold  or  hot.  The  climate  following  deposition  can  create 
a wide  change  in  erosion  characteristics  for  different  reasons.  In  a 
humid  hot  climate,  textural  changes  can  occur  by  weathering  of  clay  form- 
ing minerals,  leaching  of  soluble  salts,  carbonates,  etc.  or  by  movement 
of  fine  clay-size  particles  from  the  upper  to  the  lower  profiles.  Struc- 
tural changes  can  be  caused  by  alternate  wetting  and  drying,  and  consequent 
swelling  and  shrinking,  as  well  as  by  growth  and  decay  of  vegetation. 

f . 

In  an  area  affected  by  a permanently  high  water  table,  little  or  no  post- 
depositional  changes  in  the  deposits  may  occur.  This  is  especially  the 
case  when  there  is  little  oxygen  in  water  in  which  the  stratigraphic 
unit  is  submerged.  The  reason  for  this  is  that  oxidation  essential  -to 
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the  weathering  process  has  been  prevented  or  retarded.  Reduction  of 
iron,  resulting  in  grayish,  greenish,  or  bluish  coloration,  however, 
can  occur.  Thus  sediment  which  may  give  the  appearance  of  being 
recent  in  origin  could  have  been  deposited  at  about  the  same  time  as 
a nearby  unit  with  a profile  containing  morphological  evidence  sugges- 
tive that  it  has  been  in  place  for  a long  period  of  time. 

Accumulations  of  or  cementation  by  silica  or  carbonates,  or  both,  can 
change  the  structure  and  erosion  resistance  of  the  sediments  without 
changing  the  engineering  classification  materially  because  the  cementing 
material  may  not  noticeably  add  to  the  finer  soil  constituents. 

The  junction  with  tributaries  can  change  the  uniformity  of  main  stream 
stratigraphic  units,  depending  upon  whether  the  tributary  has  been  or 
is  a significant  contributor  of  sediment.  The  type  of  sediment  deposi- 
tion may  be  so  similar  to  the  main  valley  deposits  that  interfingering 
or  mixing  results  in  an  accumulation  that  is  not  separately  distingish- 
able.  Tributary  deposits  could  also  be  quite  different  either  in  age, 
color,  texture  or  all  three. 

Figure  3-1  illustrates  a geomorphic  setting  and  related  stratigraphic 
units  that  would  be  pertinent  to  proposed  channel  improvements  on  a 
stream  and  some  of  its  tributaries.  Unit  1 consists  of  recent  main 
stream  deposits  and  unit  2 of  recent  deposits  from  the  identified  tribu- 
taries. These  deposits  constitute  a replacement  of  older  alluvium  that 
was  eroded  during  a lowering  of  base  level  in  times  past.  Unit  3 
consists  of  old  alluvium  which  has  undergone  aging  and  the  development 
of  a profile.  Unit  4 is  a still  older  buried  profile  and  unit  5 is  an 
old  stream  terrace  remnant. 

Discontinuities  in  Alluvial  Stratigraphic  Units 

Discontinuities  are  here  defined  as  breaks  in  stratigraphic  units  that 
were  originally  continuous.  Such  breaks,  narrow  or  wide,  can  have  a 
bearing  on  the  stability  of  an  improved  channel  since  the  deposit  may  be 
replaced  by  more  or  less  erodible  material.  Discontinuities  can  occur 
in  a number  of  ways.  One  example  is  illustrated  by  Figure  3-1  where 
fine  grained  coherent  soils  developed  at  a higher  base  level  than  exists 
today.  A lowering  of  this  base  level,  created  by  a lowering  of  the 
nearby  sea  level  elevation,  caused  downcutting  of  the  main  stream  and 
then  its  tributaries.  A subsequent  raise  in  base  level  induced  replace- 
ment by  more  recent  sediments  that  are  erodible. 

Discontinuities  similar  to  the  above  described  type  can  occur  without 
changes  in  base  level.  For  example,  a tributary  producing  a different 
type  of  sediment  than  the  main  stream  can  determine  the  characteristics 
of  the  deposit  on  the  main  floodplain  in  the  vicinity  of  that  tributary. 
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Occasionally  the  character  of  certain  stratigraphic  units  differs  widely 
from  the  type  normally  expected  for  a particular  environment.  For 
example,  the  occurrence  of  a very  dark,  highly  coherent  unit  in  a semi- 
arid  environment  near  the  sea  coast.  In  known  instances  where  these 
disparities  occurred,  this  coherent  unit  was  interpreted  to  have  accumu- 
lated during  a rise  in  sea  level.  Fine  sediment  deposition  in  an  embay- 
ment  followed  by  the  growth  of  marsh  vegetation  was  probably  the  origin 
of  this  stratigraphic  unit. 

Another  example  of  seeming  disparity  is  the  presence  of  an  old  fan  of 
gravelly  deposits  encroaching  on  a valley  but  lacking  a watershed  of  a 
size  and  geology  capable  of  furnishing  these  materials.  Inspection  of 
geologic  maps  indicates  that  the  gravelly  fan  deposits  accumulated  prior 
to  stream  piracy  which  transferred  most  of  the  watershed  and  also  the 
source  of  coarse  sediment  to  another  drainage  system. 

Stratigraphic  Units  Without  Internal  Continuity 

In  certain  geomorphic  environments,  the  sediment  deposited  varies  widely 
in  texture  within  a short  distance.  If  there  is  any  unit  identification, 
it  is  to  the  effect  that  there  is  a range  in  particle  sizes  from  silt  to 
gravel,  all  noncoherent,  except  for  possibly  some  lens  cementation.  Such 
deposits  are  extensive  in  arid,  semiarid  and  glaciated  regions  where  in  a 
network  of  ill-defined  channels,  the  deposits  were  reworked  during  flood 
flows.  Variability  on  a smaller  scale  may  occur  in  humid  climates  where 
deposits  accumulated  during  braided  flows,  but  weathering  and  other  factors 
contributing  to  development  of  coherent  soil  may  be  inhibited  by  such 
environmental  factors  as  a high  water  table.  In  arid  or  semiarid  climates, 
caliche  by  cementation  can  provide  a resistant  stratigraphic  unit  in  an 
otherwise  noncoherent  alluvial  deposit. 

In  the  instances  cited  above,  the  absence  of  continuity,  as  well  as  the 
lack  of  coherence,  should  be  established  in  the  investigations  stage 
preliminary  to  sampling.  Then  procedures  to  establish  continuity  can  be 
modified. 


Conducting  the  Site  Investigation 

Data  Requirements  and  Observations  Preliminary  to  Site  Investigations 

A longitudinal  profile  of  the  channel  reaches  to  be  improved,  with  survey 
stationing  and  profiles  of  the  existing  and  proposed  channel  invert  and 
top  of  bank  is  needed.  A profile  of  the  top  of  one  bank  is  usually  suf- 
ficient in  alluvial  valleys  where  the  flood- plain  surface  is  about  the 
same  on  both  sides  of  the  channel.  In  addition,  a flood-plain  map  is 
needed  that  shows  the  existing  channel,  the  proposed  channel,  and  the 
survey  base  line.  The  location  of  test  sites  and  other  pertinent  geo- 
logic features  are  to  be  shown  on  the  map. 
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Unit  1 - Recent  deposits,  principal  stream 

Unit  2 --  Recent  deposits,  tributary 

Unit  3 - Buried  soil  profile 

Unit  4 - Buried,  developed  soil  profile 

Unit  5 - Terrace  deposits 

Unit  6 - Bedrock  or  residual  soil 


Figure  3-1  - STRATIGRAPHIC  UNITS  RELATED  TO  CHANNEL  IMPROVEMENTS 
ALONG  A STREAM  AND  ITS  TRIBUTARIES  (SIMPLIFIED) 
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Guidance  on  the  erodibility  of  soils  in  a proposed  channel  improvement 
may  be  obtained  by  observation  of  existing  channel  performance.  However, 
there  should  be  a good  general  understanding  of  how  flows  will  differ 
after  project  installation  from  what  is  characteristic  under  present 
conditions,  that  is,  the  change  in  grade,  if  any,  the  relative  change 
in  peak  flows  for  frequent  as  well  as  infrequent  events,  and  the  relative 
change  in  duration  of  flows  as  well  as  frequency  of  bankfull  flows. 
Observations  on  present  stability  are  relevant  if  minor  changes  in  flow 
characteristics  are  to  be  made.  Such  observations  are  substantially  less 
relevant  if  major  alterations  in  channelized  flow  are  to  result.  These 
alterations  could  consist  of  on-site  changes  such  as  straightening  and 
enlargement,  or  off-site  changes  such  as  upstream  reservoirs  that  reduce 
the  peak  but  substantially  increase  the  duration  of  flows.  For  one 
example,  an  existing  meandering  channel  is  so  small  that  overbank 
flooding  may  occur  annually  or  more  frequently.  A proposed  realigned 
and  enlarged  channel  to  be  built  to  carry  the  ten  percent  event  will 
cause  a substantial  increase  in  hydraulic  stresses.  The  fact  that 
existing  stream  banks  are  stable  is  not  in  itself  supporting  evidence 
that  bank  stability  can  be  expected  following  construction.  Then  too, 
a major  change  in  the  rate  of  bed  material  load  transport,  if  such  load 
is  present,  can  occur  as  a result  of  increased  channel  flow.  While  a 
general  knowledge  of  changes  in  flow  characteristics  with  project 
installed  will  suffice  early  in  the  field  investigations,  specific 
information  will  be  needed  in  evaluating  the  erosion  resistance  of  soils 
following  sampling  and  laboratory  analysis. 

Bank  sloughing  or  sliding  may  be  a problem  independent  of  changing  dis- 
charge characteristics  and  needs  to  be  identified.  Fine  sands,  silts 
and  some  clays  are  susceptible  to  sloughing  or  slips  under  a range  of 
moisture  conditions.  Sliding  or  sloughing  may  result  from  a rapid 
decline  in  water  stage  leaving  a steep  seepage  gradient  within  the  bank. 
The  bank  may  slide  or  slough  because  of  being  undermined  by  erosion  at 
the  toe  or  by  excavation  below  the  water  table.  Underground  flow  from 
tributaries  or  springs,  excessive  rainfall,  or  over-irrigation  can 
provide  a source  of  ground- water  flow  which  may  result  in  bank  sliding 
or  sloughing.  The  location  of  any  seeps  or  springs  with  reference  to 
such  problems  should  be  identified. 

Reconnaissance  of  Site  for  Channel  Improvements 

The  initial  field  studies  phase  of  site  investigations  should  include 
inspection  of  the  soils  to  and  below  the  proposed  channel  invert  level 
to  interpret  the  geomorphology  and  to  identify  stratigraphic  units.  It 
is  of  primary  importance  to  determine  what  stratigraphic  units  exist  and 
their  relationship  one  to  another.  This  knowledge  should  be  used  to 
determine  whether  the  same  units  occur  at  other  randomly  picked  locations 


247-927  0-78-4 


3-10 


based  on  their  appearance  and  lithology.  Decisions  on  sampling  sites, 
units  to  be  sampled,  and  types  of  samples  to  be  obtained  must  await 
their  approximate  delineation  through  the  reach  to  be  improved.  Soil 
surveys  along  -a  proposed  channel  alignment  can  be  useful  in  organizing 
the  investigation  and  identifying  stratigraphic  units.  It  should  be 
borne  in  mind  that  soil  survey  information  is  limited  to  a depth  of 
about  5 feet  and  is  frequently  not  reflective  of  stratigrahpic  units 
at  greater  depth. 

The  inspection  of  the  alluvial  soil  profile  may  be  achieved  by  one  or 
a combination  of  several  means.  Exposures  along  the  banks  of  streams 
offer  a frequently  available  means  of  study.  This  has  the  advantage 
of  enabling  observation  of  in-place  characteristics  as  well  as  relating 
these  characteristics  to  erosion  from  stream  flow  or  bank  stability  from 
seepage  forces.  Bank  stability  may  be  due  to  protection  by  vegetation, 
or  an  irregular  alignment  which  increases  the  roughness  and  thereby 
reduces  the  velocity  or  other  reasons. 

From  the  standpoint  of  bank  stability  from  seepage  forces,  the  existing 
channel  could  have  sufficient  vegetation,  a protecting  coating  of  fine 
sediment,  or  a ground-water  level  which  has  adapted  to  the  channel  depth 
over  time.  New  excavation  could  cause  problems  which  do  not  presently 
exist.  Information  gained  from  inspection  of  stream  banks  and  bottom 
must  be  supplemented  by  borings  or  test  pits  when  exposures  along  the 
banks  do  not  provide  sufficient  information  on  the  in-place  character- 
istics of  the  deposits. 

Exposed  banks  are  often  disturbed,  desiccated  or  cracked  and  exhibit  a 
different  set  of  properties  than  the  protected  materials  along  the 
proposed  cut  and  gradelines. 

The  place  of  observation  along  the  channel  is  identified  on  the  profile. 
Observation  points  in  addition  to  those  along  the  channel  alignment  will 
usually  be  required  in  order  to  interpret  the  stratigraphy  and  continuity 
of  the  valley  deposits.  The  tentative  upper  and  lower  surfaces  of  strati- 
graphic units  are  determined  and  recorded  on  the  profile.  Each  unit  is 
to  be  numbered  and  geomorphically  classified.  For  example,  unit  1 is  a 
recent  sediment  deposit  overlying  unit  2,  a buried  soil  profile.  Field 
notes  and  logs  should  describe  the  appearance  and  condition,  including 
color,  grain  size,  texture,  structure,  moisture,  etc.  of  each  unit  in 
accordance  with  ASTM  D-2488.  Geomorphic  terms  are  to  be  used  in  cor- 
relating between  observation  points.  Identification  as  a stratigraphic 
unit  is  required  in  addition  to  the  specific  characteristics  that  can 
be  described. 
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The  tentative  position  of  stratigraphic  units  within  the  profile  and 
their  extent  along  the  channel  alignment  should  form  the  basis  for 
selecting  soils  investigation  sites.  The  unit  delineation  must  be 
informative  enough  to  indicate  the  location  of  sites  required  to 
provide  adequate  data  in  the  detailed  investigation. 

Determining  the  Intensity  of  Investigations 

Four  factors  control  the  intensity  of  needed  site  investigations:  (1) 
design  requirements  that  may  be  independent  or  partially  independent 
of  the  soil  materials  in  the  study  reach;  (2)  hazard  to  life  or 
property  in  the  event  of  failure  or  partial  failure;  (3)  complexity 
of  the  geomorphology  in  the  site  area;  and  (4)  possible  effects  on 
quality  of  environment. 

Concerning  design  requirements,  for  example,  restrictions  in  availability 
of  rights-of-way  and  capacity  for  each  earth  channel  may  dictate  that 
the  channel  be  a lined  one,  irrespective  of  the  kind  of  materials  in 
the  reach  involved.  In  this  instance  the  investigations  need  only 
obtain  the  information  that  may  affect  construction  such  as  classifi- 
cation of  materials  to  invert  grade,  location  of  the  water  table  and 
of  seeps  or  springs.  The  presence  of  rock  outcrops,  layers  of  hard 
caliche,  etc.  should  be  carefully  identified  by  location  and 
description. 

Where  the  water  table  is  above  proposed  invert  grade,  its  elevation 
should  be  identified  in  the  logs  of  test  holes  or  pits.  If  the  water 
table  fluctuates  from  season  to  season  so  that  in  one  part  of  the  year 
its  elevation  is  below  invert  grade,  the  average  time  period  this 
occurs  and  the  dates  of  occurrence  should  be  estimated.  A high  water 
table  may  interfere  substantially  with  construction  or  affect  the 
stability  of  an  earth  channel  after  excavation.  If  drop  structures 
or  other  installations  requiring  data  on  bearing  strength  are  being 
considered,  investigations  should  be  made  in  accord  with  recommendations 
in  NEH,  Section  8,  Engineering  Geology. 

Channels  located  in  urban  or  intensively  developed  agricultural  areas 
differ  widely  in  damage  potential  if  a failure  occurs  than  do  channels 
in  rural  areas.  In  an  urban  area,  the  channel  is  usually  designed  to 
retain  the  one  percent  event  with  even  minor  erosion  generally  not 
tolerable.  In  both  instances,  the  erosion  characteristics  of  the  bed 
and  bank  materials  must  be  identified  by  procedures  which  include 
stratigraphic  unit  delineation  and  representative  sampling  and  testing. 
Stratigraphic  units  must  be  more  thoroughly  delineated  and  variations 
within  the  units  more  closely  identified  by  sampling  and  testing  in 
intensively  developed  areas  than  in  agricultural  areas. 
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Complexity  in  the  geomorphology  of  the  site  has  a strong  bearing  on  all 
phases  of  the  investigation.  Contrasting  levels  of  complexity  may 
include  on  the  one  hand  a geomorphology  as  simple  as  one  having  a single 
stratigraphic  unit  uninterrupted  by  discontinuities,  or  maybe  thin  beds 
of  sand  or  gravel  that  lack  continuity  and  can  be  treated  as  one  highly 
variable  unit,  to  another  that  consists  of  a number  of  overlapping  units 
frequently  broken  by  discontinuities  or  disappearances  from  one  reach  to 
the  next.  In  all  instances,  including  those  with  the  most  complex  array 
of  stratigraphic  units,  an  understanding  is  needed  of  the  sedimentation 
processes  and  geologic  history  facilitates  correlation  and  delineation 
of  units,  locations  of  discontinuities,  etc. 

The  presence  of  dispersive  clay  soils  along  proposed  channel  alignment 
will  have  an  effect  on  the  intensity  of  investigation. 

Dispersive  clay  soils  often  occur  in  lenses,  spots  and  discontinuous 
strata.  In  order  to  tentatively  identify  dispersion  problems,  it  will 
be  necessary  to  check  each  stratigraphic  unit  at  each  test  hole  site  for 
dispersive  clays  by  means  of  the  field  "crumb"  test  performed  on  material 
at  natural  moisture.  If  field  tests  indicate  possible  dispersion 
problems,  sufficient  holes  and  samples  should  be  established  to  delineate 
the  problem  areas  or  depths. 

Location  of  Sites  for  Sampling  and  Logging 

The  location  of  pit  or  drill  hole  sites  is  based  on  the  tentative  delinea- 
tion of  stratigraphic  units.  There  is  a two-fold  purpose  in  selection  of 
these  sites.  One  purpose  is  to  obtain  representative  samples,  the  other 
is  to  "prove  out"  the  tentatively  identified  stratigraphic  units  shown  on 
the  profile.  If  the  logs  at  one  test  site  fail  to  correlate  with  those 
at  the  site  next  upstream  or  downstream,  then  another  site  should  be 
chosen  between  them,  at  least  for  the  purpose  of  correcting  the  profile 
if  not  for  additional  sampling. 

For  long  reaches  where  continuity  of  stratigraphic  units  has  been  estab- 
lished, it  is  best  to  sample  widely  from  any  one  stratigraphic  unit  rather 
than  concentrate  in  a small  part  of  the  total  reach.  This  will  improve 
the  possibilities  for  discerning  variations  within  the  unit. 

The  usual  location  for  test  hole  sites  is  on  top  of  the  bank  near  to  but 
not  necessarily  immediately  adjacent  to  the  stream.  The  preliminary 
geomorphic  determinations  should  indicate  whether  sites  on  both  sides  of 
the  channel  must  be  investigated. 
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In  the  process  of  investigation,  the  geologist  should  bear  in  mind  that 
one  part  of  a stream  bank  may  be  more  subject  to  erosion  than  another 
due  to  differences  in  the  hydraulic  stresses  that  are  exerted  by  the 
flow.  These  stresses  are  greatest  on  the  bed,  on  the  outside  of  bends, 
and  along  the  toe  of  the  banks.  Greater  emphasis  in  logging,  sampling 
and  testing  should  be  used  in  searching  for  and  identifying  by  thick- 
ness and  location  any  easily  erodible  stratigraphic  units  from  midbank 
to  the  invert  level  of  the  proposed  channel.  A bank  is  only  as 
resistant  as  its  weakest  segment,  particularly  if  this  segment  is  low 
in  the  bank. 

Determining  the  Sample  Types  to  be  Obtained 

Prior  to  the  detailed  investigations,  the  geologist  and  engineer  have 
made  a tentative  decision  as  to  whether  data  from  undisturbed  and 
disturbed  samples  are  to  be  obtained  and  the  best  means  for  obtaining 
them.  Each  stratigraphic  unit  observed  in  an  undisturbed  condition  is 
evaluated  before  the  decision  is  made  as  to  the  type  of  sampling  to  be 
done.  It  is  a good  rule  to  obtain  undisturbed  samples  when  in  doubt 
as  to  whether  the  unit  is  characteristically  composed  of  discrete 
particles  or  of  aggregates  that  would  resist  erosion  as  a mass.  The 
effects  of  the  environment  on  sediment,  once  it  has  accumulated,  is 
discussed  in  the  section  on  the  geomorphology  of  alluvial  deposits. 

The  in-place  behavior  of  materials  that  resist  erosion  as  a coherent 
mass  cannot  be  determined  by  testing  disturbed  samples.  Hence, 
undisturbed  sample  analysis  is  critically  important  if  the  in-place 
deposits  differ  in  erodibility  from  that  of  the  individual  particles. 
The  Unified  Soil  Classification  System  and  similar  systems  do  not 
identify  erosion  characteristics  of  an  undisturbed  coherent  soil  mass 
except  that  soils  with  a high  plasticity  index  (P.I.)  are  usually  more 
resistant  to  erosion  than  noncoherent  soils.  Some  undisturbed  soils 
with  a low  P.I.  are  about  as  resistant  to  erosion  as  those  with  high 
P.I. , and  under  certain  conditions,  material  with  a high  P.I.  can  be 
as  erodible  as  one  with  a low  P.I.  such  as  soils  that  are  highly 
dispersive.  Another  such  condition  exists  when  the  soil  mass  is 
weakened  by  a fine  network  of  fractures  such  as  that  which  may  be 
caused  by  expansive  clays.  The  fractures  may  or  may  not  be  filled 
with  dissimilar  material.  The  above  would  have  to  be  determined  by 
appropriate  tests  and  observations. 

Careful  selection  of  investigation  tools  and  procedures  for  investi- 
gations are  necessary  to  obtain  samples  and  logs  of  the  natural,  undis- 
turbed in-place  materials.  Augers,  excavation  equipment  and  many 
laboratory  procedures  disturb  the  soils  and  provide  data  which  result 
in  erroneous  interpretations  of  in-place  properties. 
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Selection  of  Equipment  for  Logging  and  Sampling 

The  frequently  limited  depth  required  in  field  investigations  for  channel 
improvements  and  the  advantages  afforded  by  in-place  examination  of  the 
alluvial  profile  indicates  that  at  least  a framework  of  pit  excavations 
is  desirable.  Safety  precautions  must  be  rigidly  maintained.  The  back- 
hoe  is  the  preferred  equipment  for  such  excavations.  Once  in-place 
profiles  can  be  examined  and  sampled  above  water  tables,  the  pits  can  be 
supplemented  by  drill  holes  below  water  tables.  Limitations  of  pits 
include  the  possibilities  that  the  depth  of  sampling  required  exceeds  the 
capabilities  of  available  equipment,  that  a high  water  table  would  restrict 
or  prevent  investigations  below  that  level,  and  that  access  is  sometimes 
limited  for  physical  reasons  or  property  owner  objections.  The  advantages 
of  drilling  equipment  are  no  depth  or  ground-water  limitations,  in-place 
testing  with  less  site  disturbance,  and  greater  safety.  For  guidance  in 
maintaining  safe  working  conditions,  refer  to  the  safety  manual  for 
geologic  investigations.  Light  weight  drilling  equipment  mounted  on 
track  vehicles  may  provide  a means  of  collecting  disturbed  and  undis- 
turbed samples  from  areas  that  are  not  accessible  to  heavy  drill  rigs. 

Sampling  equipment  is  described  in  NEH,  Section  8,  Chapter  2.  In  instances 
where  drilling  equipment  is  used,  push  tube  sampling  of  relatively  soft 
fine-grained  soils  or  Denison  core  barrel  sampling  of  hard  fine-grained 
soils  are  recommended.  Special  equipment  has  been  devised  for  undisturbed 
sampling  of  soils  in  investigations  for  channel  improvements  where  pits 
or  stream  banks  are  the  sampling  sites.  Figure  3-2  is  a drawing  of  the 
sampling  tool  which  is  designed  for  placement  on  a shelf  dug  in  the  side 
or  bottom  of  a pit  or  bank.  It  is  built  to  obtain  more  than  one  sample 
from  the  same  setup.  The  thin-walled  brass  tubes  used  should  be  at 
least  two  inches  and  preferably  larger  in  diameter  by  five  or  six  inches 
in  length.  This  size  is  usually  sufficient  for  shear  strength  tests. 
Duplicates  from  the  same  stratum  must  be  obtained  in  the  event  one  is 
damaged  in  shipping  or  handling.  Following  tests  in  an  undisturbed 
condition,  the  same  material  is  used  for  classification,  or  an  additional 
sample  of  the  disturbed  soil  can  be  obtained.  The  sample  or  samples  are 
judged  to  be  undisturbed  if  the  soil  column  on  the  inside  of  the  tube  and 
on  the  outside  are  both  level  with  the  upper  edge.  A tendency  for 
compaction  to  occur  in  a tough,  dry  soil  because  of  the  frictional 
resistance  can  be  reduced  by  pre-wetting  the  inside  of  the  tube  with  water 
or  a small  amount  of  a light  lubricant.  On  completion  of  sampling,  the 
tubes  are  sealed.  It  is  essential  that  the  undisturbed  samples  do  not 
become  desiccated. 

The  cutting  of  cubes  or  other  block  shapes  for  laboratory  testing  is 
another  means  of  obtaining  undisturbed  samples.  It  may,  in  fact,  be 
necessary  to  obtain  such  samples  if  other  equipment  compacts  or  otherwise 
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disturbs  the  soil.  While  this  sampling  procedure  is  usually  much  more 
time  consuming  than  push  tube  methods,  it  generally  results  in  a much 
better  sample.  The  presence  of  coarse  sand  or  gravel  in  the  soil  can 
render  the  push  tube  or  drill  hole  sampling  equipment  unsuitable  for 
use  in  obtaining  undisturbed  samples.  Exposures  in  stream  banks  or 
pits  sometimes  exhibit  pockets  of  fine-grained  matrix  free  of  the 
coarse  particles.  These  pockets  frequently  contain  the  same  material 
and  the  same  erosion  resistance  properties  as  the  matrix  in  an  inti- 
mate mixture  of  coarse  and  fine  particles.  Sampling  and  testing  of 
this  fine-grained  matrix  can  provide  information  on  the  erosion 
resistance  of  the  mass.  Careful  evaluation  is  necessary  to  insure 
the  applicability  of  such  data. 

Channel  improvements  may  include  the  construction  of  dikes  or  embank- 
ments to  protect  adjacent  lands  from  overflow  or  to  increase  the 
resistance  of  natural  materials  by  compaction.  The  sample  needs  for 
these  construction  purposes  as  well  as  for  foundations  for  all  struc- 
tures should  be  discussed  with  the  engineer  prior  to  the  detailed  site 
investigations.  The  amounts  of  disturbed  samples  needed  for  various 
tests  and  sizes  of  material  are  described  in  Tables  3-3  and  3-4. 
Packaging  and  shipping  instructions  are  given  in  NEH,  Section  8, 

Chapter  3,  pages  10  and  11. 

Test  Hole  Logs 

Logs  of  test  holes  should  contain  necessary  information  to  ensure  that 
the  stratigraphic  units  are  identified  and  their  characteristics, 
depth  of  occurrence  in  the  hole  and  thickness  are  recorded.  If  a 
stratigraphic  unit  identified  in  the  adjacent  test  hole  fails  to 
appear  in  this  one,  this  information  should  be  noted.  Figure  3-3 
is  a suggested  field  worksheet  for  logging  and  sampling  at  test  hole 
sites . 

Generally  bedrock  will  not  be  drilled  during  investigations.  Descrip- 
tions of  bedrock  characteristics  are  to  be  provided  for  the  engineer’s 
use.  These  descriptions  must  be  thorough,  complete  and  accurate. 

Determination  of  the  Availability  of  Movable  Bed  Material 

The  availability  of  movable  bed  material,  specifically  sand  and  gravel, 
must  be  determined  in  order  to  evaluate  its  impact  on  the  stability  of 
the  improved  channel.  The  most  apparent  source  of  supply  is  deposits 
that  may  have  accumulated  in  the  bed  of  the  stream  within  and  above 
the  reach  to  be  improved.  Whether  or  not  the  bed-material  supply  is 
a threat  to  the  operation  or  reasonable  maintenance  of  the  improved 
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channel  depends  on  several  factors.  These  include  the  amount  and  ease 
of  transport  of  the  material  and  the  difference  in  hydraulic  character- 
istics between  the  reach  to  be  improved  and  the  reach  upstream  that 
contains  the  bed  material.  The  relationship  between  bed  material  avail- 
ability and  channel  stability  is  discussed  in  NEH,  Section  3,  Chapter  4, 
Transportation  of  Sediment  by  Water,  pages  4-36  and  4-37. 

The  channel  investigation  should  include  an  estimate  of  the  volume  of 
bed  material  available  in  the  bed  of  the  stream  and  where  the  deposit 
is  located  with  reference  to  the  proposed  improvement.  If  the  bottom  of 
the  deposit  cannot  be  reached,  this  should  be  indicated  in  the  notes. 
Representative  samples  of  the  bed  material  are  to  be  obtained.  The 
amount  required  for  various  gradations  of  material  is  given  in  Table  3-2, 
NEH,  Section  8,  Chapter  3.  A sample  of  the  surface  armor  should  be 
obtained,  if  present,  as  well  as  a sample  of  the  underlying  finer 
accumulation . 

For  analysis  of  stability,  the  geologist  is  expected  to  define  whether 
discharges  critical  for  stability  should  be  defined  as  "clear  water"  or 
sediment  laden  flows.  In  most  instances,  the  wash  load  will  not  be  of 
sufficient  concentration  to  classify  the  flows  as  other  than  "clear  water". 
An  examination  of  suspended  load  records  on  a regional  basis  will  provide 
good  clues  as  to  the  likelihood  of  significant  concentrations.  A knowl- 
edge of  the  watershed  will  also  serve  to  indicate  the  extent  of  critical 
erosion.  Reservoirs  will  reduce  concentrations  to  relatively  low  levels. 

The  influence  of  bed  material  on  the  stability  of  channels  is  discussed 
in  NEH,  Section  3,  Chapter  4,  pages  4-25  to  4-28. 

Where  bedrock  is  to  be  removed  from  the  channel,  the  potential  effects 
on  stream  banks  and  bed  both  upstream  and  downstream  must  be  considered. 
Where  rock  is  to  be  removed  from  a channel  section,  its  disposal  must  be 
planned.  Alternative  disposal  methods  may  include  wasting  in  a pre- 
selected area,  use  in  channel  construction  (riprap,  filters),  salvage, 
etc.  Local  highway  agencies  are  often  valuable  sources  of  information 
concerning  rock  quality  and  ease  of  removal. 

Site  Investigation  Reports 

Completion  of  the  Stratigraphic-Unit  Profiles 

The  first  step  in  preparation  of  site  investigation  reports  is  to  com- 
plete the  longitudinal  profile  and  description  of  stratigraphic  units 
in  the  channel  reach  to  be  improved.  As  stated  on  page  3-11,  this  is 
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to  be  developed  in  tentative  form  during  the  preliminary  investigation 
of  the  site.  With  the  benefit  of  the  additional  information  obtained 
during  logging  and  sampling,  the  original  profile  is  to  be  refined  to 
include  more  precise  information  on  the  extent,  thickness  and  position 
in  the  profile  of  stratigraphic  units.  The  survey  stationing,  bank 
line,  and  proposed  invert  level  are  to  be  plotted,  as  are  the  locations 
and  logs  of  pits  or  drill  holes.  The  upper  and  lower  elevations  of 
stratigraphic  units  will  be  shown  at  the  appropriate  station  site. 

When  the  correlation  of  units  between  pit  or  drill  hole  sites  has  been 
determined,  correlation  lines  are  drawn  as  shown  on  Figure  3-4.  In 
this  example,  it  is  implied  that  correlation  between  test  hole  sites 
has  been  facilitated  by  exposures  in  stream  banks.  Additional  test 
holes  would  be  required  where  such  exposures  are  not  available. 

The  "U"  on  the  right  of  the  profile  test  hole  location  indicates  that 
an  undisturbed  sample  was  obtained.  A disturbed  sample  may  or  may  not 
be  obtained  at  the  same  site  depending  upon  whether  enough  material  is 
available  in  the  undisturbed  sample*  for  classification.  The  investi- 
gators have  identified  this  stratigraphic  unit  as  consisting  of  soil 
which  would  resist  erosion  as  a mass  rather  than  as  discrete  particles. 
The  "DM  indicates  that  a disturbed  sample  has  been  obtained.  The 
investigators  have  made  a field  determination  that  the  unit  is  non- 
coherent and  that  erosion  characteristics  are  dependent  on  the  indi- 
vidual particle  characteristics.  The  stratigraphic  unit  delineations 
on  Figure  3-4  are  not  dependent  on  the  indicated  investigation  sites 
alone  but  include  determinations  from  observations  along  stream  banks 
and  from  hand  borings.  When  the  test  data  have  been  obtained,  results 
pertinent  to  the  erosion  or  stability  characteristics  may  be  shown  or 
listed  on  attached  report  sheets  with  the  data  clearly  identified  with 
the  appropriate  units.  Ground  water,  if  encountered,  should  be  shown 
at  each  of  the  investigation  test  hole  locations. 

The  longitudinal  profile  with  stratigraphic  unit  interpretations  is 
primarily  for  purposes  of  stability  evaluation,  and  without  it  the 
designer  does  not  know  that  interpretations  of  soil  characteristics 
have  been  made  between  investigation  sites. 

The  logs  of  test  pits  or  drill  holes  and  the  plan  map  showing  the 
location  of  these  investigation  sites  should  accompany  the  profiles  as 
supporting  and  supplemental  information  and  a copy  will  be  placed  in 
the  design  folio. 

The  geologic  profile  and  plan  map  should  show  the  locations  and  the 
extent  of  outcropping  bedrock.  They  should  also  show  its  verified  or 
estimated  depth  below  the  present  streambed  and  its  relation  to  the 
proposed  channel  invert.  Existing  erosion  or  deposition  features 
associated  with  the  outcrop  (either  up  or  down  stream)  should  also  be 
shown. 
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Analysis  of  Channel  Stability 

With  the  longitudinal  profiles,  logs  and  laboratory  test  data  available, 
the  geologist  and  engineer  are  in  a position  to  make  an  analysis  of  the 
stability  of  the  proposed  channel  improvement.  In  addition,  information 
is  needed  on  the  design  discharge  if  bed-material  load  is  not  involved 
as  a problem,  and  the  hydrographs  for  design  as  well  as  more  frequent 
discharges  if  bed-material  load  has  been  determined  as  a problem.  Chapter 
6 of  this  Technical  Release  or  designated  supplements  are  to  be  used  for 
determining  the  stability  of  channels  that  are  not  affected  by  bed 
material  transport.  NEH,  Section  3,  Chapter  4,  is  to  be  used  for  the 
analysis  of  bed-material  transport  that  may  affect  channel  stability. 

Report  Outline  and  Documentation 

The  longitudinal  profile,  the  plan  view,  logs,  field  and  laboratory  test 
results,  and  stability  analysis  are  to  form  the  documentation  for  a brief 
report  based  upon  the  following  outline.  Geologists  and  engineers  are 
both  involved  in  an  analysis  of  these  problems.  They  should  work  closely 
together  in  the  determinations  and  report  preparation. 


A.  Conclusions  and  Recommendations 

B.  Description  of  the  geomorphology  of  the  channel  improvement 
area 

Basis  for  stratigraphic  unit  delineation  with  reference  to 
longitudinal  profiles  or  reasons  for  lack  of  stratigraphic 
unit  delineation. 

C.  Copies  of  logs  and  test  data 

D.  Criteria  used  to  establish  stability 

1.  Condition  of  flow  to  be  used  in  stability  analysis:  clear 

or  sediment-laden  water.  Basis  for  criteria  used. 

2.  Bed  material  evaluation  procedure  used  among  those  recom- 
mended in  NEH,  Section  3,  Chapter  4. 

E.  Stability  analysis 

1.  Stability  under  proposed  as-built  conditions 
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a.  Location  of  projected  unstable  reaches,  if  unprotected; 
bed  and/or  banks  by  stationing. 

(1)  Elevation  of  unit  or  units  with  reference  to  invert 
level. 

(2)  Cause  of  predicted  conditions,  such  as  tractive 
stress  or  velocity  in  excess  of  allowable  or 
internal  seepage  forces. 

b.  Discuss  unique  conditions  not  fitting  into  the 
assumptions  made  in  Technical  Release  25. 

2.  Bed  material  sediment  problems  if  these  influence  stability 
of  proposed  channel  improvements. 

3.  Effect  of  program  installations,  such  as  floodwater,  flood- 
water  detention  or  multipurpose  structures,  debris  basins 
and  grade  control  structures  on  downstream  reaches. 

Evaluation  in  the  Construction  Stage 

Unexpected  discontinuities  or  unaccounted  variations  in  soil  character- 
istics affecting  stability  may  be  revealed  during  excavations  for  improve- 
ments. It  should  be  standard  procedure  for  the  geologist,  design 
engineer  and  soils  engineer  to  examine  the  channel  during  or  immediately 
after  excavation.  With  the  profiles  at  hand,  the  geologist  should  make  any 
pertinent  adjustments  in  unit  delineation  and  interpretations  over  those 
prepared  during  the  design  investigations.  Any  significant  alterations 
pertaining  to  stability  should  be  immediately  called  to  the  attention 
of  the  project  and  construction  engineers. 

Testing 


Purposes  of  Testing 

The  purposes  of  testing  soils  from  channel  projects  are  fourfold: 

1.  To  develop  design  values  and  correlation  between  properties  of  fine- 
grained soils  and  field  evaluation  and  classification  of  erosional 
activity  in  constructed  or  natural  channels  now  in  use. 

2.  To  provide  values  for  use  in  the  design  of  stable  channels  in  gravels 
and  coarse  sands  from  the  standpoint  of  erosional  activity. 


247-927  0 - 78  -5 
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3. 


To  provide  values  for  the  design  of  channel  banks  from  the 
of  sheAr  strength  and  sliding. 


standpoint 


4.  To  evaluate  earth  loads  on  structural  members. 


Test  Procedures 


Tests  may  be  conducted  in  the  field  and/or  in  the  laboratory.  Testing 
procedures  should  conform  to  standards  of  the  American  Society  for 
Testing  Materials  (ASTM)  or  American  Association  of  State  Highway 
Officials  (AASHO). 


Types  of  Tests 

Two  categories  of  tests  are  presented primary  tests  and  supplement- 

ary tests.  Primary  tests  are  those  that  provide  values  that  may  be 
used  directly  (1)  to  evaluate  erosion  by  either  the  tractive  force, 
limiting  velocity,  or  tractive  power  procedures  discussed  in  Chapter  6, 
or  (2)  to  analyze  bank  slope  stability  problems  discussed  in  Chapter  6. 
Supplementary  tests  are  those  that  will  provide  supporting  or  indicator 
information  that  may  be  of  assistance  in  evaluating  erosional  resistance 
and  bank  stability.  These  latter  tests  may  be  made  at  local  option; 
results  from  these  tests  are  not  needed  to  use  the  design  criteria  set 
forth  in  this  Guide,  but  they  may  provide  valuable  clues  to  the  designer. 

Index  and  engineering  properties  tests  are  listed  in  Table  3-1  for  ero- 
sional analyses  and  in  Table  3-2  for  bank  stability  analyses.  Field 
tests  that  may  be  used  where  conditions  warrant  are  discussed  in  NEH, 
Section  8,  Chapter  1. 

Classification.  - - Soils  should  be  fully  described  and  classified 
according  to  the  Unified  Soil  Classification  System  (ASTM  D-2488) . 

Particle  size  distribution.  - - A mechanical  analysis  should  be  made  on 
selected  samples  representing  soils  that  are  or  may  be  exposed  to  ero- 
sional forces  in  channel  bottoms  and  banks  to  determine  the  distribution 
of  particle  sizes.  The  coarse  fraction  should  be  analyzed  using  the 
following  U.  S.  Standard  Sieves  as  the  minimum  number  of  size  separa- 
tions: No.  200,  140,  40,  20,  10,  4 and  3/8",  3/4",  1 1/2",  and  3". 

Other  size  separations  may  be  introduced  if  considered  necessary.  The 
fine  fraction  should  be  analyzed  using  the  standard  hydrometer  tests. 
Results  should  be  reported  on  the  basis  of  total  material. 

Soil  consistency  tests.  - - The  liquid  limit,  plastic  limit,  and 
plasticity  index  should  be  determined  for  all  soils,  except  clean  sands 
and  gravels,  in  order  to  differentiate  between  materials  of  appreciable 
plasticity  and  slightly  plastic  or  non-plastic  materials. 


( 
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Table  3-1 

Erosional  Analyses 


A.  Index  Tests 

1.  Classification  1/ 

a.  Mechanical  analysis 

b.  Liquid  limit 

Plasticity  index 

c.  Plastic  limit 

2.  Dispersion 

a.  Field  tests  to  identify  possible  problem  areas 

b.  Lab  tests  for  soils  with  more  than  15%  >.005  mm  and 
for  a P.I.  >8 

3.  Soluble  salts 

4.  Natural  dry  unit  weight 

B . Engineering  Properties  Tests  2J 

1.  Permeability 

2.  Shear  strength 

a.  Unconfined  compression  3/ 

b.  Vane  shear 


1 / For  tractive  force,  limiting  velocity  or  tractive  power 
procedures . 

2 J These  tests  may  be  made  at  local  option.  Results  will  provide 
supporting  information  which  may  assist  in  evaluating  erosional 
stability. 

_3/  For  tractive  power  procedure  only. 
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Table  3-2 


Bank  Slope  Stability  Analyses 


A.  Index  Tests 

1.  Classification 

a.  Mechanical  analysis 

b.  Liquid  limit 

Plasticity  index 

c.  Plastic  limit 

2.  Specific  gravity 

a.  Particles  smaller  than  No.  4 sieve 

b.  Particles  larger  than  No.  4 sieve 

3.  Natural  dry  unit  weight  and  natural  moisture  content 

4.  Compaction 

B . Engineering  Properties  Tests 

1.  Shear 

a.  Unconfined  Compression 

b.  Direct 

c.  Triaxial 

d.  Vane 

2.  Permeability 

C.  Other  Tests  \J 

1.  Dispersion 

2.  Soluble  salts 

3.  Linear  shrinkage 

1 / These  tests  may  be  made  at  local  option.  Results  will  provide 
supporting  information  which  may  assist  in  evaluating  bank 
stability. 


( 
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Specific  gravity.  - - When  soils  are  composed  of  particles  having  95 
percent  or  more  (by  dry  weight)  smaller  than  the  No.  4 sieve  (4.76 
mm.)  and  when  compaction  or  shear  tests  are  required,  specific  gravity 
tests  should  be  performed  on  the  minus  No.  4 fraction. 

When  soils  contain  five  percent  or  more  (by  dry  weight)  of  hard  par- 
ticles larger  than  the  No.  4 sieve  and  when  compaction  or  shear  tests 
are  required,  absorption  and  bulk  specific  gravity  (saturated,  surface 
dry)  tests  should  be  performed  on  the  coarse  materials  as  well  as  on 
the  fraction  smaller  than  the  No.  4 sieve. 

Results  of  specific  gravity  tests  are  needed  for  computation  of  poros- 
ity, void  ratio,  and  associated  air-water-solid  relationships;  also 
results  are  needed  for  adjustment  of  moisture-density  relationships 
for  compacted  materials  having  five  percent  or  more  larger  than  the 
No.  4 sieve  (by  dry  weight). 

Strength  considerations.  - - Some  measure  of  inter-particle  attraction 
may  prove  helpful  in  evaluating  erosional  stability  of  channels  on 
the  basis  of  the  tractive  force  theory.  Although  shear  strength 
obtained  by  various  tests  has  been  used  by  some  investigators,  it 
may  not  be  a true  indicator  of  inter-particle  attraction. 

Strength  values  for  use  in  slope  stability  analyses  of  banks  should 
be  governed  by  site  conditions  and  the  method  of  analysis  to  be  used. 
Therefore,  some  latitude  is  needed  by  the  engineer  in  the  selection 
of  appropriate  tests  to  be  performed  at  a given  site  for  determination 
of  shear  strength  parameters. 

1.  Unconfined  compression  test.  This  test  is  commonly  called  a qu 
test  and  may  be  performed  on  saturated,  undisturbed  specimens. 

The  test  may  be  made  for  two  purposes:  (1)  to  obtain  unconfined 
compressive  strength  values  for  use  in  estimating  erosional 
stability  (by  the  tractive  power  method)  of  those  soils  in  which 
individual  particles  cohere  under  natural  field  conditions,  and 
(2)  to  obtain  values  of  cohesion  (no  load  strength)  for  use  in 
analyzing  the  stability  of  banks  from  a strength  standpoint.  In 
the  latter  case,  the  test  is  generally  applicable  to  highly 
plastic  soils,  but  it  may  be  used  for  other  soils  where  the  in- 
place  strength  will  simulate  ultimate  field  conditions. 

The  qu  test  should  not  be  performed  on  those  soils  in  which  natural 
planes  of  weakness  are  an  inherent  characteristic  of  the  soil, 
as  exemplified  by  stiff,  fissured  clay  or  soils  having  blocky 
or  columnar  structural  development. 
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The  effects  of  weathering  should  be  considered  in  using  q test 
results  from  samples  taken  at  a depth  which  will  later  beUunloaded 
and  exposed  to  the  atmosphere  — both  in  an  erosional  evaluation 
and  in  a bank  stability  analysis.  This  consideration  will  be  a 
matter  of  judgment  and  local  experience. 


2.  Direct  shear  tests.  Drained,  direct  shear  tests  are  recommended 
for  determining  the  strength  parameters  for  use  in  the  analysis  of 
banks  against  sliding  when  the  effect  of  pore  water  pressure  is 
included  as  a separate  item.  Cohesive  and  non-cohesive  soils  may 
be  tested  in  this  manner. 


3.  Triaxial  shear  tests.  Consolidated,  undrained,  triaxial  shear 

tests  may  be  used,  but  will  generally  not  be  required,  for  strength 
parameters  unless  fractured  or  structurally  cleaved  soils  are 
involved. 


Consolidated,  undrained,  triaxial  tests  may  be  made  without  pore 
pressure  measurements  when  pore  pressures  which  are  anticipated  in 
the  field  can  be  simulated  during  testing. 

When  triaxial  shear  tests  are  used  instead  of  direct  shear  tests  and 
when  pore  pressures  are  considered  separately  in  the  stability  analy- 
sis, it  will  be  necessary  to  perform  consolidated,  drained  tests  or 
to  perform  consolidated,  undrained  tests  with  pore  pressure  measure- 
ments . 

4.  Vane  shear  tests.  The  vane  shear  test  is  a field  test  which  is  well 
adapted  to  obtaining  in-place  shear  strength  of  saturated,  plastic 
soils  that  do  not  contain  gravel.  Shear  strength  values  obtained 
by  vane  shear  tests  may  be  used  for  bank  stability  analyses.  This 
type  of  test  is  especially  applicable  when  soils  are  sensitive  and 
when  it  is  difficult  to  secure  and  transport  undisturbed  samples. 

Vane  tests  should  include  results  on  remolded  strength  as  well  as 
peak  strength. 

Natural  dry  unit  weight  and  moisture  content.  - - The  natural  dry  unit 
weight  and  natural  moisture  content  should  be  recorded  for  all  undis- 
turbed samples.  These  determinations  can  be  made  in  conjunction  with 
shear  test  operations.  Proper  interpretations  of  shear  test  results 
are  dependent  upon  data  on  variations  in  natural  dry  unit  weight  and 
moisture  content. 

The  erosional  resistance  of  many  soils,  particularly  those  which  are  weakly 
coherent,  increases  as  dry  unit  weight  (density)  increases.  The  natural 
(in-place)  dry  unit  weight  of  soils  exposed  in  the  channel  will  provide 
valuable  guidance  in  the  review  and  evaluation  of  the  performance  of 
existing  channels  functioning  under  similar  conditions  to  a planned 
channel . 


( 
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Compaction  (moisture-density  relationship) . - - The  moisture-density 
relationship  of  soils  (for  a given  compactive  effort)  should  be  known 
before  shear  testing  of  disturbed  (borrow)  materials  can  be  instigated 
or  before  field  control  of  moisture  and  density  can  be  maintained. 
Compaction  and  field  control  may  be  necessary  either  (1)  to  assure 
adequate  density  and  shear  strength  in  levee  or  dike  fills  or  (2)  to 
increase  the  erosional  resistance  of  low  density,  weakly  coherent 
soils  which  form  the  bottoms  and  sides  of  channels. 

Compaction  tests  should  be  performed  on  disturbed  samples  of  selected 
representative  soils  on  which  shear  tests  are  required  for  design  and/ 
or  field  control  of  moisture  and  density  are  required  during  construc- 
tion operations.  Compaction  tests  are  also  used  to  evaluate  collapse 
potential  of  soils.  Most  highly  collapsible  soils  are  also  generally 
highly  erosive. 

Permeability.  - - In  those  cases  where  seepage  from  channel  banks  may 
be  a problem,  the  permeability  of  natural  materials  may  be  required 
to  construct  flow  nets  and  to  analyze  seepage  forces.  Permeability 
tests  should  be  performed  on  undisturbed  materials  which  are  represent- 
ative of  soils  in  the  problem  area. 

Field  permeability  tests  will  usually  be  the  most  effective  means  of 
determining  permeability  rates  (a)  in  non-coherent  soils  which  are 
difficult  to  sample  representatively,  handle  and  transport  to  the 
laboratory  and  (b)  in  lenticular  and  highly  stratified  soils. 

Methods  of  making  field  permeability  tests  are  described  in  NEH, 

Section  8^/ , Chapter  2;  Section  16//,  Chapter  2;  Special  Publication 
SP-SW-0262  of  the  American  Society  of  Agricultural  Engineers// ; and 
the  Earth  Manual,  First  Edition,  U.  S.  Bureau  of  Reclamation^/. 

A permeability  test  may  also  be  performed  as  a secondary  and  companion 
test  to  the  unconfined  compression  test  when  the  purpose  of  the  latter 
is  to  provide  values  for  use  in  an  erosional  analyses  of  coherent  or 
cemented  soils//  (see  Chapter  6).  The  permeability  test  described 
hereafter  is  not  necessary  when  the  unconfined  compression  test  is  made 
for  the  purpose  of  providing  values  for  a bank  stability  analysis. 

A permeability  test,  as  a companion  test  to  the  unconfined  compression 
test,  should  be  performed  in  a falling  head  permeameter  on  undisturbed 
specimens  having  a ratio  of  height  to  diameter  equal  to  approximately 
two.  As  soon  as  consistent  head  readings  are  obtained,  the  test  should 
be  discontinued;  the  specimen  should  be  removed  from  the  permeameter 
immediately  and  subjected  to  an  unconfined  compression  test  to  determine 
the  coherence  of  the  saturated  specimen. 


3-32 


Dispersion.  - - The  terms  dispersive  clay  or  dispersion  refer  to  the 
stability  of  soil  aggregates  when  exposed  to  water.  Dispersive  soils 
are  highly  erosive.  When  dispersed  soils  are  exposed  to  weathering, 
they  are  easily  distinguished  by  field  observation.  They  tend  to 
melt  down  like  sugar,  develop  land  forms  that  resemble  typical  "bad- 
land" relief  (macro  or  micro)  and  form  "slick  spots"  that  are  gener- 
ally bare  of  vegetation. 

There  are  several  tests  that  identify  dispersive  soils. 

1.  The  field  "crumb"  test  identifies  dispersive  soils  by  the  formation 
of  a colloidal  cloud  around  a small  clod  of  moist  soil  dropped  into 
distilled  water  or  very  dilute  sodium  hydroxide. 

2.  The  laboratory  dispersion  test  identifies  most  dispersive  soils  by 
comparing  the  amount  of  0.005  mm.  material  in  a suspension  without 
def locculating  chemicals  to  the  total  amount  of  0.005  mm.  material 
determined  by  mechanical  analysis. 

3.  The  field  dispersion  test  is  an  abbreviated  version  of  the  labora- 
tory dispersion  test. 

4.  Chemical  tests  identify  dispersive  soils  by  comparing  the  amount  of 
soluble  sodium  and  the  total  salt  content  in  the  saturation  extract 
or  pore  fluid  of  the  soil. 

None  of  these  tests  always  correlates  with  the  others  or  with  field 
performance.  It  is  sometimes  necessary  to  run  all  tests  in  order  to 
properly  evaluate  the  adverse  effects  of  dispersive  soils. 

Whenever  dispersion  is  suspected  in  an  area,  laboratory  tests  should 
be  run  to  verify  and  evaluate  the  problem. 


Soluble  salts.  - - Soils  that  contain  considerable  soluble  salts, 
particularly  gypsum,  are  highly  erodible  and  may  slough  badly.  It 
appears  that  the  recrystallization  of  gypsum  and  other  salts  during 
sedimentation  results  in  an  open,  honeycombed  soi'l  structure  that  may 
be  compared  to  loessial  materials.  These  soils  have  sufficient  stab- 
ility to  stand  on  vertical  banks  as  long  as  they  are  dry,  but  they 
slough  and  erode  rapidly  when  exposed  to  moisture.  Sodium  salts  have 
a dispersive  effect  on  soils  and  generally  increase  the  erodibility 
of  soils.  Although  high  soluble  salt  content  in  soils  tend  to  keep 
the  soil  in  a flocculated  or  aggregated  (erosion  resistant)  state, 
these  salts  would  generally  be  removed  or  leached  back  into  channel 
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banks  during  high  flows,  possibly  leaving  a def locculated , dispersed, 
erodible  surface  layer.  In  arid  and  semi-arid  regions,  the  soluble 
salt  content  may  be  determined  for  representative  samples,  even  though 
results  of  this  test  cannot  be  used  quantitatively  at  present. 

Linear  shrinkage.  - - Coherent  soils  which  have  linear  shrinkage 
factors  in  the  range  of  ten  percent  or  more  are  generally  subject  to 
considerable  density  and  strength  changes  with  variations  in  moisture 
content.  Results  from  linear  shrinkage  tests  on  coherent  soils  serve 
as  indicators  of  potential  problems  related  to  bank  stability. 

Field  Sample  and  Test  Specimen  Requirements 

The  quantity  of  materials  needed  for  testing  depends  primarily  on  such 
factors  as  (1)  number,  type  and  purpose  of  tests  to  be  performed,  (2) 
particle  size  characteristics  of  the  material,  and  (3)  homogeneity  of 
the  natural  materials,  particularly  when  undisturbed  specimens  are  to 
be  tested.  The  minimum  number  of  test  specimens  for  one  test  is  given 
below : 


It  is  suggested  that  undisturbed  samples  be  large  enough  so  that  an 
additional  test  specimen  will  be  available  as  a spare.  In  the  case 
of  small  diameter  tube  samples,  duplicate  sampling  should  be  obtained. 

Sample  sizes  and  specimen  requirements  for  testing  of  soils  from  channel 
projects  are  given  in  Table  3-3  (Disturbed  Samples)  and  3-4  (Undisturbed 
Samples) . The  specimen  sizes  given  in  Table  3-4  are  those  which  are 
actually  required  for  testing;  these  sizes  do  not  include  allowances 
for  trimming. 


Unconfined  compression 
Direct  shear 
Triaxial  shear 
Permeability 


1 

3 

3 

1 
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Table  3-3 

Minimum  Size  of  Disturbed  Samples 
Required  for  Testing  Purposes 


Test 

Maximum 
Size  to 
be 

Gradation  Characteristics 
of  Natural  Material 

Included 

in 

Samples 

90-100% 
Passing 
//4  Sieve 

50-90% 
Passing 
# 4 Sieve 

0-50% 
Passing 
#4  Sieve 

Mechanical  analysis, 
liquid  limit,  plastic 
limit,  specific 
gravity,  dispersion, 
soluble  salts,  linear 
shrinkage 

3 in. 

4 lb. 

10  lb.  1/ 

40  lb.  1/ 

Compaction  and 

shear 

3 in. 

25  lb. 

40  lb. 

2/ 

natural 

material 

1/  Provide  estimates  of  the  percent  of  oversized  material  (plus 
3 inch  size)  excluded  from  samples  shipped  to  laboratory. 

2/  Forty  pounds  of  these  materials  will  be  adequate  for  all 
applicable  tests. 
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Table  3-4 

Minimum  Specimen  Requirements  (After 
Trimming)  for  Testing  Undisturbed  Samples 


! Maximum  Particle  Size 

1 

I.  - . . _ . _ 

Test  1/ 

Size  of  Specimen 

No.  4 sieve  (4.76  mm.)  2/ 

Unconfined  compression 

1.4"  dia.  x 3"  long 

Direct  shear 

2.0"  x 2.0"  x 1"  thick 

Triaxial  shear 

1.4"  dia.  x 3"  long 

Permeability 

2"  dia. 

1/2  inch  2/ 

Unconfined  compression 

2.8"  dia.  x 6.0"  long 

Triaxial  shear 

2.8"  dia.  x 6.0"  long 

Permeability 

4.0"  dia. 

1 inch  2/ 

Triaxial  shear 

4.0"  dia.  x 8.0"  long 

Permeability 

6.0"  dia. 

1 1/2  inches 

Triaxial  shear 

6.0"  dia.  x 12.0"  long 

Permeability 

\ 6.0"  dia. 

1/  Table  3-3  gives  the  sizes  of  materials  which  are  required  for  mechanical 
analysis,  liquid  limit,  plastic  limit,  specific  gravity,  dispersion, 
soluble  salts  and  linear  shrinkage.  If  undisturbed  samples  are  not 
large  enough  to  meet  th&se  requirements,  disturbed  samples  of  the  sizes 
indicated  should  be  taken  at  the  same  elevation  from  an  adjacent  hole 
to  represent  the  undisturbed  materials. 

2/  If  materials  have  scattered  particles  larger  than  the  sizes  shown,  it 
may  still  be  possible  to  trim  these  test  specimens  without  going  to  a 
larger  specimen  Size. 
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Appendix  to  Chapter  3 

OUTLINE  TO  PLAN  SITE  INVESTIGATIONS  AND  PREPARE 


REPORTS  FOR  CHANNEL  IMPROVEMENTS 

I.  Introduction 

A.  Investigational  considerations 

1.  Channel  improvements  may  be  many  miles  in  length. 

2.  Depths  to  channel  bottom  are  shallow,  usually  less  than 
20  feet. 

3.  Correlation  is  necessary  to  predict  presence  of  boundary 
materials  between  holes  to  avoid  inadequate  design. 

4.  An  understanding  of  the  geomorphology  of  alluvial  deposits 
and  the  identification  of  stratigraphic  units  at  each  site 
are  necessary  for  correlation  of  deposits  with  similar 
erodibility . 

B.  Definition  of  a stratigraphic  unit 

A stratigraphic  unit  is  defined  in  this  instance  as  an  identifiable 
stratum  of  alluvium  or  other  soil  material  whose  susceptibility 
to  erosion  is  a reflection  of  the  original  materials,  mode  of 
accumulation  and  the  changes  that  have  occurred  since  deposition 
or  soil  formation. 

II.  Geomorphology  of  deposits 

A.  Significance  of  the  stratigraphic  unit  and 

factors  that  affect  the  characteristics  and  erodibility  or 
resistance  of  stratigraphic  units. 

1.  The  characteristics  of  the  original  deposits  . 

2.  Age  of  the  deposit. 

3.  The  environment  since  deposition. 
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B.  Identification  of  stratigraphic  units 

1.  Primary  identifying  characteristics  are  color,  particle 
size,  particle  size  distribution,  plasticity , cementation, 
density,  dispersion,  structure,  and  thickness. 

2.  A stratigraphic  unit  occupies  the  same  position  relative 
to  other  beds  in  a sequence. 

3.  A stratigraphic  unit  usually  occupies  the  same  position 
across  the  valley  as  it  does  near  the  present  channel. 

C.  Geomorphic  history  determines  the  erosion  resistance  of  strati- 
graphic units 

1.  The  particle  size  distribution  and  texture  of  the  deposit 
are  the  primary  determinants  of  erosion  resistance  initially. 

2.  Changes  in  the  character  of  the  material  occur  with  time 
such  as: 

a.  The  movement  downward  of  fine  particles. 

b.  Weathering. 

c.  Consolidation  by  overburden,  alternate  wetting  and  drying, 
desiccation,  etc. 

d.  Cementation. 

e.  The  accumulation  of  humus. 

3.  The  geomorphic  history  results  in  a characteristic  erosion 
resistance  for  each  stratigraphic  unit. 

4.  The  unit  may  consist  of  individual  particles  without 


connecting  bonds  . 
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a.  A grain  size  (as  D^q,  D^,  D75)  is  the  quantitative 
identifier  of  erosion  resistance. 

b.  Disturbance  does  not  affect  the  erosion  resistance. 

5.  The  Unit  may  consist  of  particles  that  cohere  or  that  do 

have  a connecting  bond. 

a.  The  degree  of  coherence  is  strongly  affected  by  the 
geomorphic  history. 

b.  Disturbance  destroys  some  of  the  affects  of  geomorphic 
history  on  the  unit's  erosion  resistance. 

D.  Discontinuities  in  stratigraphic  units 

1.  The  stratigraphic  unit  may  completely  disappear  from  one 
test  hole  site  to  another.  This  is  identified  as  a 
discontinuity . 

2.  The  stratigraphic  unit  may  be  interrupted  by  erosion  and 
replaced  by  different  materials.  This  is  also  identified 
as  a discontinuity. 

3.  The  stratigraphic  unit  may  locally  thin  or  thicken.  This 

is  a variation  within  a continuous  unit,  not  a discontinuity. 

E.  Stratigraphic  units  without  internal  continuity 

1.  Some  stratigraphic  units  vary  widely  in  grain  size  and  other 
characteristics  within  a short  distance. 

2.  Such  variations  cannot  be  correlated  between  one  test  hole 
and  another. 

3.  Such  units  are  identified  as  lacking  internal  continuity. 
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III.  Data  requirements  and  observations  preliminary  to  site  investigation 

A.  Data  requirements  prior  to  investigations 

1.  Longitudinal  profile  of  channel  reaches  to  be  improved  and 
includes : 

Survey  stationing  and  profiles  of  existing  and  proposed 
channel  invert  (bottom)  and  top  of  bank 

2.  Flood  plain  map  to  include: 

a.  Existing  channel. 

b.  Proposed  channel # 

c.  Survey  base  line. 

3.  When  to  evaluate  stability  of  existing  channels  prior  to 
field  investigations . 

a.  Capacity,  slope,  frequency  at  bank  full,  and  other 
hydraulic  measurements  are  similar  to  proposed 
improvement. 

b.  Channel  boundary  soils  are  exposed  to  hydraulic  forces. 

c.  Stability  of  channel  under  specified  flood  discharges 
and  frequencies  can  be  identified. 

d.  Water  table  fluctuations  affect  bank  stability. 

B.  Reconnaissance  of  site  for  channel  modifications 

1.  Inspect  soils  to  and  below  proposed  channel  invert  level. 
Study  exposures  along  stream  banks  and  in  stream  bed.  Sup- 
plement by  test  pits  or  borings  where  necessary. 

2.  Interpret  geomorphology,  tentatively  identify  stratigraphic 
units.  Geologic,  soil  survey  and  topographic  maps  are  very 

useful  for  study  preliminary  to  the  investigation. 
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3.  Identify  places  of  observation  on  longitudinal  profile. 

4.  Prepare  tentative  stratigraphic  unit  delineation  on  profile 
from  observations  made  above. 

IV.  Site  investigations 

A.  Determine  the  nature  and  intensity  of  site  investigations. 
Factors  that  affect  the  intensity  of  site  investigations: 

1.  Site  limitations  may  require  channel  lining  independent  of 
soil  characteristics.  Investigations  limited  to  determina- 
tion of  site  preparation  and  construction  problems. 

2.  A potential  high  hazard  to  life  and  property  can  require 
a closer  spacing  of  test  holes,  more  intensive  soil  sam- 
pling and  testing  than  a low  hazard  site. 

3.  A complex  geomorphology  will  require  a closer  spacing  of 
test  holes,  more  sampling  and  testing  than  a site  with  few 
stratigraphic  units  that  are  continuous. 

4.  Environmental  considerations. 

B.  Location  of  sites  for  logging  and  sampling 

1.  Evaluate  information  obtained  under  Item  A above. 

2.  Determine  the  sample  types  to  be  obtained 

a.  For  any  specific  reach,  consider  whether  coherent  soils 
will  be  exposed  at  the  toe  and/or  lower  bank. 

b.  If  the  answer  under  2a  is  affirmative,  plan  undisturbed 
soil  sampling  of  this  and  overlying  coherent  stratigra- 
phic units. 


247-927  0-78 
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c.  If  the  answer  under  2a  is  negative,  plan  disturbed  soil 
sampling  of  this  and  overlying  stratigraphic  units, 
whatever  the  characteristics  of  the  latter. 

C.  Select  equipment  for  logging  and  sampling 

1.  Choose  backhoe  or  dragline  for  site  investigations  where 
possible  and  if  water  table  is  below  invert. 

2.  Choose  drilling  equipment  if  depth  is  greater  than  practi- 
cal for  excavation  equipment,  because  of  high  water  table, 
or  if  in-place  observations  are  unnecessary  or  impossible. 

3.  Select  appropriate  equipment  and  containers  for  undisturbed 
samples . 

D.  Data  requirements  at  test  holes 

1.  Log  test  holes  (A  suggested  worksheet  is  included  as  Figure 
3-3  of  Chapter  3 (revised)  TR-25)  to  depths  of  at  least 
three  feet  below  invert. 

a.  Log  test  holes  by  stratigraphic  units. 

b.  Log  appearance  and  condition  in  accord  with  ASTM  D-2488 
(Unified  Soil  Classification  System). 

2.  Identify  elevation  of  water  table  if  encountered. 

3.  Record  results  of  field  tests. 

4.  Obtain  representative  samples  of  stratigraphic  units. 
Sampling  in  undisturbed  or  disturbed  state  depends  on 
determinations  under  IV  B 2 above. 


« 
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F. 


G. 


5.  Supplement  to  site  investigations  plan. 

A break  in  continuity  of  stratigraphic  units,  changes  in 
dispersion  test  results  or  other  significant  changes  in 
soil  characteristics  between  test  holes  requires  an  addi- 
tional hole  or  holes  to  delineate  changes. 

Determine  availability  of  bed  material 

1.  Sand  or  gravel  can  aggrade  an  improved  channel. 

2.  The  hazard  to  the  improved  channel  depends  on  whether  ex- 
pected flows  will: 

a.  Exceed  the  allowable  tractive  force  for  the  charac- 
teristic grain  sizes. 

b.  The  supply  of  bed  material  is  sufficient  to  cause  aggra- 
dat ion  p rob lems . 

3.  Measure  or  estimate  depth  of  bed  material  in  reach  to  be 
improved  and  in  channel  upstream.  Note  if  bottom  cannot 
be  reached. 

4.  Obtain  representative  bed- material  samples  for  determination 
of  size  distribution. 

Define  "clear  water"  or  "sediment  load"  flow  condition  where 
required . 

1.  Evaluation  of  channel  stability  (allowable  velocity  or  crit- 
ical tractive  force)  may  depend  on  how  flow  is  classified. 
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2.  For  appropriate  classification  consider: 

a.  Suspended  sediment  load  records  in  the  area. 

b.  Severity  of  erosion  in  the  watershed. 

c.  Reservoirs  or  o'ther  structures  affecting  sediment  load. 

V.  Site  investigation  report 

A.  Organization  of  field  data 

1.  Adjust  longitudinal  profile  of  stratigraphic  units  prepared 
in  tentative  form  as  indicated  in  Item  III  B 4 to  reflect 
more  detailed  observations  under  IV,  Site  Investigations. 

2.  Attach  logs  of  test  holes  and  results  of  field  tests. 

B.  Report  on  findings 

1.  Prepare  brief  statement  on  site  geomorphology  to  support 
delineations  on  longitudinal  profile. 

2.  Prepare  brief  statement  concerning  findings  under  IV  F.  - 
availability  of  bed  material. 

3.  Prepare  brief  statement  on  findings  under  IV. G.  - "clear  water" 
or  "sediment  load"  flow  conditions. 

VI.  Field  and  laboratory  soil  testing 
A.  Field  testing 

1.  In-place  density 

2.  In-place  moisture  content 

3.  Vane  shear 

4.  Permeability 

5.  Dispersion  of  clay  soils  - Crumb  test 


i 
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B. 


Laboratory  testing 

1.  Index  tests 

a.  Classification 

(1)  Mechanical  analysis 

(2)  Liquid  limit 

(3)  Plastic  limit 

b.  Specific  gravity 

c.  Compaction 

2.  Engineering  properties  tests 

a.  Strength 

(1)  Unconfined  compression 

(2)  Direct  shear 

(3)  Triaxial  shear 

b.  Permeability 

3.  Other  tests 

a.  Shrink-swell 

(.1)  Shrinkage  limit 

(2)  COLE 

(3)  Linear  shrinkage 
(A)  Free  swell 

b.  Soluble  salts 

c.  Base  exchange 

d.  Dry  unit  weight  - natural  moisture 

e.  Dispersion 

(1)  Laboratory  dispersion  test 
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(2)  Crumb  test 

(3)  Chemical  tests 


Page 
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CHAPTER  4.  DETERMINING  DESIGN  DISCHARGES 


General 


Procedures  for  determining  peak  rates  and  volumes  of  runoff  are 
available  in  the  NEH,  Section  4.  — ' Procedures  for  determining 
channel  capacity  for  irrigation  canals  and  laterals  may  be  found 
in  NEH,  Section  15,—'  and  for  drainage  channels  in  NEH,  Section 
161/ . 

The  adaptation  of  hydrology  will  be  related  to  two  principles  in 
channel  design.  One  principle  is  the  design  of  a channel  for  a 
peak  rate  of  discharge  for  a selected  frequency  of  occurrence. 

The  second  principle  is  to  determine  the  rate  of  discharge  required 
to  remove  a volume  of  runoff  within  a specified  time  limit. 

Flood  routing  requirements  will  be  different  for  the  two  principles 
The  requirements  will  differ,  too,  for  other  needs  as  illustrated 
in  Table  4-1. 

Procedure  for  Determining  Required  Channel  Capacity 

The  usual  practice  in  determining  the  capacity  requirement  for 
channels  is  to  make  estimates  in  the  planning  stage  that  are 
sufficiently  detailed  for  final  design.  A reconsideration  of  capa- 
city requirement  in  the  design  stage  will  ordinarily  be  necessary 
only  if  there  is  a departure  from  the  original  plan. 

Channels  Designed  for  a Peak  Rate  and  Selected  Frequency 

These  channels  are  planned  and  constructed  to  contain  the  peak  rate 
of  runoff  for  a design  flood  of  a given  frequency.  The  hydrology 
for  this  type  of  channel  involves  estimates  of  local  runoff  for  the 
design  frequency  and  flood  routing  through  the  channel  system. 

The  method  of  determining  runoff  and  flood  hydrographs  from  sub- 
watersheds for  the  desired  frequency  can  be  selected  from  those  des 
cribed  in  NEH,  Section  4,—'  Chapters  5,  10,  16  and  18.  Chapter  5 
describes  the  use  of  stream  flow  data  for  estimating  the  rate  of 
discharge.  Chapter  10  covers  "Estimation  of  Direct  Runoff  from 
Rainfall,"  for  cases  where  stream  flow  data  are  not  available  or 
adequate.  Rainfall  amounts  for  selected  frequencies  and  durations, 
as  found  in  the  Weather  Bureau's  Technical  Paper  No.  40,  Rainfall 
Frequency  Atlas  of  the  United  States  ,-i2/  are  generally  adequate  to 
provide  a basis  for  an  estimate  of  direct  runoff  from  a specified 
area.  Chapter  16  of  NEH,  Section  4 ,HJ  covers  development  of 
hydrographs,  and  Chapter  18  describes  statistical  methods  for 
determining  the  frequency  of  flood  events. 
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TABLE  4-1 


Flood  Routing  Required 

by  Pro' 

ect  Purpose 

Investigational 

Containment  of 

Removal  of  a 

Open 

Procedure 

a Peak  Rate  of 

Volume  of 

Ditchl/ 

Runoff  of 

Runoff  Within 

Specified  Freq . 

a Time  Limit 

Drainage 

1. 

Determination  of  design 
discharge 

Channel  2/ 

None 

None 

2. 

Economic  evaluation  of 
flood  damage  reduction 

a.  Based  on  percent 

Channel  and 

Channel  and 

None 

chance  of  occurrence 

overbank  3 J 

overbank 

b.  Based  on  drainage 

None 

None 

None 

criteria 

3. 

Determination  of  effects 

Channel  and 

Channel  and 

Channel  and 

of  program  on  downstream 
flood  peaks 

overbank 

overbank 

overbank  4/ 

1/  Open  ditch  for  either  surface  or  subsurface  drainage. 


2/  Channel  routing  indicates  that  only  storage  characteristics  of 
channel  are  considered  in  routing  computations* 

3/  Channel  and  overbank  routing  indicates  that  storage  characteristics 
of  both  channel  and  overbank  areas  are  considered  in  routing 
computations . 

4/  Open  ditch  channels  are  frequently  designed  from  drainage  criteria 

which  only  deals  with  peak  rates  of  runoff.  If  a routing  is  required, 
design  hydrographs  must  be  developed. 


The  "Convex"  routing  method  described  in  NEH,  Section  4,  Chapter  17 ,-LZ./ 
is  appropriate  for  establishing  the  design  flood  discharge  capacity. 

The  permissible  mean  velocity,  channel  reach  length  and  the  hydrograph 
of  inflow  to  the  reach,  are  required  for  channel  routing. 

A check  should  be  made  in  every  case  to  determine  if  the  channel  will 
be  carrying  ground-water  flow.  If  so,  an  estimate  of  the  discharge 


( 
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rate  of  ground-water  flow  should  be  added  to  the  design  capacities, 
computed  above.  NEH,  Section  4,™'  Chapter  6,  describes  the  separa- 
tion of  ground-water  flow  from  surface  flow  of  recorded  flow  data. 

Channels  Designed  to  Remove  a Volume  of  Runoff  Within  a Specified 
Time  Limit 


The  function  of  these  channels  is  to  remove  the  volume  of  runoff 
causing  overbank  flooding  within  a period  of  time  that  will  prevent 
damage.  The  required  discharge  capacity  may  be  calculated  by  the 
empirical  procedure  described  in  NEH,  Section  16,—' ' Chapter  6. 

These  procedures  are  adapted  primarily  to  locations  where  comparatively 
level  land  area  is  substantial  with  respect  to  the  watershed  area, 
where  watershed  boundaries  are  difficult  to  delineate,  where  it  is  not 
necessary  to  flood  route  and  where  channels  designed  on  similar  sites 
have  provided  adequate  protection.  It  may  also  be  based  on  a design 
flood  of  a given  frequency. 

Drainage  Capacity  Related  to  Frequency 


General 


It  is  sometimes  necessary  to  estimate  the  frequency  of  protection 
provided  by  a channel  designed  by  drainage  criteria.  The  frequency 
may  be  related  to  either  a peak  discharge  or  a design  flood  volume 
for  a specified  time  interval. 

Drainage  Capacity  Related  to  Annual  Flood  Peak  Frequency 

The  frequency,  equivalent  to  drainage  criteria,  may  vary  between 
individual  reaches  and  should  be  estimated  for  each  reach.  The  flood 
frequency  equivalent  may  be  obtained  by  the  following  procedure  from 
NEH,  Section  4. 

1.  If  stream  flow  data  are  available,  the  annual  flood  peaks, 
minus  ground-water  flow,  may  be  related  to  frequency  by  the 
procedure  described  in  Chapter  18.  Since  the  bankfull  capacity 
of  the  channel  can  be  computed,  this  discharge  can  be  related 
to  the  frequency  curve  developed  from  annual  flood  peaks . 

Average  ground-water  discharge  that  the  channel  will  carry  may 
be  estimated  by  procedure  described  in  NEH,  Section  412/ , 

Chapter  6. 

2.  If  stream  flow  data  are  not  available,  the  annual  flood  may  be 
estimated  from  rainfall.  Obtain  rainfall  amounts  for  selected 
storm  durations  from  Weather  Bureau  Technical  Paper  No.  40.12/ 
Select  two  or  more  storm  frequencies  that  will  encompass  the 
design  channel  capacity  in  all  reaches.  For  each  selected 
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rainfall  frequency,  compute  the  volume  of  direct  runoff,  develop 
subwatershed  hydrographs,  and  flood  route  through  channel 
reaches.  Plot  the  routed  peak  discharge  versus  volume  of  run- 
off in  equivalent  inches  of  depth  over  the  watershed  area  for 
the  selected  frequencies,  for  each  reach.  See  Figure  4-1. 

The  plotted  points  are  described  by  a straight  line  originating 
at  zero.  The  selected  frequencies  are  shown  for  their  res- 
pective volume  of  runoff.  The  heavy  dash  lines  with  arrows 
indicate  entering  the  graph  with  the  given  design  discharge 
for  each  reach  and  reading  the  volume  of  runoff.  The  volume 
of  runoff  will  in  turn  relate  to  a specific  storm  frequency. 

This  is  the  storm  frequency  at  which  the  peak  discharge  can 
be  contained  below  a damaging  stage. 

Drainage  Capacity  Related  to  Flood  Volume  Frequencies 

A procedure  for  determining  the  frequency  of  a flood  volume  that 
can  be  removed  from  the  overbank  areas  by  channels  with  a 
capacity  based  on  drainage  criteria,  involves  the  following 
assumptions : 

1.  On-farm  drainage  and  tributary  laterals  have  been  constructed 
with  outlets  into  the  designed  channel. 

2.  The  volume  of  storage  in  the  channel  network  is  negligible. 

3.  The  overbank  areas  are  broad  and  almost  flat  wherein  the  var- 
iation in  the  overbank  stage  with  respect  to  time  is  rela- 
tively small. 

Analysis  with  stream  flow  data.  - - When  stream  flow  data  are 
available,  a volume-duration-frequency  analysis  should  be  made. 
Volume -duration-frequency  analyses  have  been  provided  to  many 
states  for  streams  with  drainage  areas  under  1,000  square  miles, 
by  the  Central  Technical  Unit,  Hydrology  Branch,  Washington 
office,  and  should  be  used  when  available.  This  analysis  can  be 
made  according  to  procedure  contained  in  NEH,  Section  4 , Chapter 
18.  The  analysis  can  be  made  for  any  duration;  however,  a dura- 
tion of  24  hours  will  be  used  for  comparison.  Volume -duration- 
frequency  curves  are  shown  for  24,  48,  and  72 -hour  durations  in 
Figure  4-2. 

Using  the  dimensions  of  the  proposed  channel,  compute  the  discharge 
rate  for  the  average  overbank  stage  of  flooding  for  each  reach. 

This  computation  can  best  be  made  at  road  crossings  or  other 
control  points  where  the  outflow  is  confined  to  the  new  channel. 

The  average  overbank  flood  stage  can  usually  be  estimated  within 
10  percent  at  properly  selected  points  such  as  this.  Estimate 
the  average  rate  of  discharge  out  of  the  reach  by  the  slope-area 
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method.  This  rate  of  discharge  multiplied  by  24  hours  equals  the 
flood  volume  removed  in  cfs-day  units.  This  flood  volume  is  compared 
with  the  24-hour  volume-duration-frequency  curve  from  stream  flow 
data  to  determine  the  frequency  equivalent  of  the  design  drainage 
capacity.  (See  Figure  4-2.) 

The  frequency  equivalent  may  be  expressed  for  either  of  two  situations. 
In  many  northern  states  it  may  refer  to  the  winter  and  spring  snow- 
melt season  or  to  the  summer  rain-storm  season. 

Analysis  without  stream  flow  data.  - - Where  stream  flow  data  are 
not  available,  the  volume-duration-frequency  curves  for  a 24-hour 
period  may  be  derived  from  Weather  Bureau  rainfall  data.  The 
Weather  Bureau's  Technical  Paper  No.  40-=^-'  contains  maps  showing 
the  amount  of  rainfall  expected  to  occur  during  a 24-hour  period 
for  various  frequencies.  This  may  be  converted  to  runoff  depth  in 
inches  by  the  procedures  in  NEH,  Section  XXL'  , Chapter  10.  The 
volume  of  runoff  may  be  converted  to  cfs-days  by  the  following 
conversion  factor: 

Inches  depth  — 0.03719  = cfs-days  per  square  mile 

Volume  in  cfs-days  plotted  versus  frequency  provides  a graph  similar 
to  Figure  4-2.  Precipitation  amounts  for  durations  longer  than  24 
hours  may  be  obtained  from  an  analysis  of  individual  precipitation 
records  or  by  an  extrapolation  on  log  paper  if  this  has  proven  to 
be  valid  in  the  area  under  consideration.  The  required  frequency 
equivalent  for  a channel  designed  by  drainage  criteria  can  be  ob- 
tained in  a manner  similar  to  that  for  gaged  data.  See  U.  S. 

Weather  Bureau  TP-49,  Two- to -Ten -Day  Precipitation  for  Return 
Periods  of  2 to  100  years  in  the  United  States. 

This  method  is  limited  to  channels  with  drainage  areas  less  than 
400  square  miles. 
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CHAPTER  5.  CHANNEL  LOCATION,  ALIGNMENT  AND 
HYDRAULIC  DESIGN 


Location  & Alignment 

Channel  alignment  is  an  important  feature  of  channel  design.  It 
should  be  selected  with  careful  consideration  given  to  all  factors 
affecting  its  location,  including  an  economic  comparison  of  alter- 
nate alignments.  The  economic  analysis  should  include  all  costs 
such  as  channel  construction,  rights-of-way,  bridges,  stabilizing 
measures  and  maintenance. 


Many  factors  affect  the  planned  alignment  of  a channel.  Topography, 
the  size  of  the  proposed  channel,  the  existing  channel,  tributary 
junctions,  geologic  conditions,  channel  stability,  rights-of-way, 
existing  bridges,  required  stabilization  measures,  farm  boundaries, 
land  use,  and  other  physical  features  enter  into  this  decision. 


The  shortest  alignment  between  two  points  may  provide  the  most 
efficient  hydraulic  layout  but  it  might  not  meet  all  the  objectives 
of  the  channel  improvement  or  give  due  consideration  to  the  limita- 
tions imposed  by  certain  physical  features.  The  shortest,  well 
planned  alignment  should  be  used  in  flat  topography  if  geologic 
conditions  are  favorable  and  if  physical  and  property  boundaries 
permit . 


Alternate  alignment  should  be  considered  in  areas  where  geologic 
conditions  present  a stability  problem.  An  alternate  alignment  may 
locate  the  channel  in  more  stable  soils.  In  some  cases,  the  align- 
ment of  the  existing  channel  may  be  satisfactory  with  only  minor 
changes.  An  alignment  resulting  in  a longer  channel  may,  in  a 
minor  degree,  help  to  alleviate  stability  problems.  A longer  channel 
will  decrease  the  energy  gradient  which,  in  turn,  will  decrease  the 
velocities  and  tractive  forces.  A meander  channel  will  increase 
Manning's  coefficient  "n"  which  will  reduce  velocities.  A meander 
channel,  however,  presents  the  problem  of  erosion  at  the  curves  in 
the  channel  which,  in  erosive  soils,  may  require  structural  protection 
such  as  jetties,  riprap,  brush  maps,  etc.  Suggested  minimum  radii 
of  curvature  are  cited  in  NEH,  Section  16^/,  Chapter  6,  for  channels 
of  indicated  size  and  gradient.  Guidance  for  alignment  consideration 
in  design  of  higher  velocity  channels  is  presented  later  in  this 
chapter  under  Supercritical  Flow.  When  alternate  alignments  and 
designs  are  not  feasible,  or  do  not  assure  a stable  channel, 
stabilization  structures  should  be  included  in  the  design.  Such 
structures  are  discussed  in  a later  section  of  this  chapter. 
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Where  feasible,  the  alignment  should  be  planned  to  make  use  of 
existing,  adequate  bridges  and  road  structures  which  have  many 
years  of  remaining  life.  From  a technical  standpoint,  bridges 
and  road  structures  in  poor  condition  should  not  influence  the 
alignment.  Care  should  be  exercised  to  minimize  cases  of  iso- 
lating parts  of  fields  from  the  rest  of  the  farm,  but  good 
alignment  should  not  be  sacrificed  to  follow  all  farm  boundaries. 
Long  reaches  of  channel  should  be  located  in  the  low  areas, 
particularly  where  drainage  is  a problem.  Long  tangents  should 
be  used  wherever  possible.  In  meander  channels,  good  alignment 
should  not  be  sacrificed  to  use  the  maximum  amount  of  the  old 
channel . 

The  above  discussion  on  alignment  deals  with  subcritical  flow 
only.  Supercritical  flow  requires  consideration  of  some  of  the 
most  complex  problems  in  hydraulics  and  may  require  model  studies 
for  a basis  of  design  criteria.  A discussion  on  supercritical 
flow  may  be  found  in  NEH,  Section  5il2/ . 

Hydraulic  Design 

Criteria  and  procedures  for  hydraulic  design  of  all  types  of 
channels  are  presented  for  subcritical  and  supercritical  flow 
conditions . 

Subcritical  Flow 


Design  procedures  for  subcritical  flow  conditions  for  a limited 
range  of  functional  and  hydraulic  conditions  commonly  encountered 
in  agricultural  drainage  work  are  described  in  NEH,  Section  16^-  , 
Chapter  6.  The  following  procedures  apply  to  all  conditions  of 
subcritical  flow: 

Step  1.  - - Determine  the  design  discharge  for  all  channel  reaches. 
Use  methods  given  in  Chapter  4.  Where  overbank  flow  contributes 
a significant  amount  of  water,  it  is  best  to  assume  that  the 
discharge  changes  abruptly  at  arbitrary  points  within  the  channel 
reach  and  that  the  discharge  remains  constant  between  these 
points.  As  a guide  to  selection  of  these  arbitrary  points,  Q 
should  not  be  decreased  more  than  10  percent  at  any  such  point. 

As  an  example,  consider  a 10,000-foot  reach  of  channel  with  over- 
bank flow  and  no  significant  tributaries.  Q = 3000  cfs  at  the 
downstream  end  and  2000  cfs  at  the  upper  end.  Here  it  would  be 
logical  to  reduce  Q by  200  cfs  increments  at  each  of  four  evenly 
spaced  points  within  the  reach.  (The  last  200  cfs  reduction  would 
be  at  the  upstream  end  of  the  reach.) 
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Step  2.  - - Determine  the  water  surface  elevation  at  the  downstream 
end  of  proposed  construction.  (Assuming  that  the  approximate  channel 
alignment  has  already  been  set.)  The  method  for  determining  this 
water  surface  elevation  varies  with  the  outlet  condition: 

1.  Water  stages  in  the  outlet  are  independent  of  channel  discharge. 
For  this  condition  it  is  necessary  to  have  stage  data  on  the 
outlet  stream  or  tidal  outlet.  Two  water  surface  profiles  must 
usually  be  run  on  the  tributary  channel-one  with  the  water  sur- 
face at  the  outlet  at  the  highest  possible  elevation  within  the 
design  flood  frequency  to  insure  capacity,  and  one  with  the  water 
surface  at  the  lowest  level  within  the  above  limitation  to  insure 
channel  stability  with  the  resulting  increased  velocity. 

2.  Outlet  is  at  a control  point  where  critical  flow  exists.  In  this 
case,  the  control  point  establishes  the  water  surface  elevation 
at  critical  depth. 

3.  Outlet  is  at  a point  in  the  stream  where  the  water  surface  can  be 
established.  In  this  case,  where  the  downstream  channel  is  pris- 
matic, the  water  surface  elevations  at  the  outlet  to  the  improved 
reach  may  be  established  by  the  methods  outlined  in  T.  R.  15,  or 
by  an  assumption  of  uniform  flow  at  that  point  if  the  downstream 
prismatic  channel  is  sufficiently  long  and  is  not  affected  by 
grade  changes . 

In  the  event  that  the  downstream  channel  is  non-prismatic , it  will 
be  necessary  to  begin  water  surface  profile  calculations  at  a 
point  considerably  downstream  using  the  methods  outlined  in 
T.  R.  14  or  NEH,  Section  5^-2-  , Supplement  A,  to  determine  the 
water  surface  elevation  at  the  starting  point  for  construction. 

Step  3.  - - Establish  the  water  surface  control  line  by  the  methods 
outlined  in  Chapter  6,  NEH,  Section  \$J . Such  a control  line  is 
helpful  in  establishing  a desirable  hydraulic  grade  line  and  sub- 
sequently, the  design  invert  grade.  In  setting  the  hydraulic  control 
line,  consideration  must  be  given  to  freeboard  requirements  and, 
where  applicable,  to  additional  depth  required  for  superelevation 
of  the  water  surface  and  flow  in  the  unstable  range. 

Freeboard  is  defined  as  the  additional  channel  depth  required  for 
safety  above  the  calculated  maximum  depth  of  water.  Freeboard  is 
exclusive  of  additional  depth  computed  for  superelevation  or  tur- 
bulence in  the  unstable  range.  Freeboard  for  trapezoidal  channels 
at  sub-critical  flow  should  be  equal  to  or  greater  than  20%  of  the 
depth  at  design  discharge  but  not  less  than  one  foot.  (107,  is 
satisfactory  for  rectangular  lined  channels  at  sub-critical  flow.) 
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In  closely  controlled  irrigation  canals  or  channels  where  overbank 
flooding  is  permissible  at  frequent  intervals,  the  above  freeboard 
criteria  may  be  disregarded. 

Where  possible,  it  is  advisable  to  keep  the  design  water  surface 
below  the  level  of  natural  ground.  There  is  usually  no  objection 
to  containing  the  freeboard  in  fill.  Occasionally,  such  a great 
saving  can  be  accomplished  by  containing  part  of  the  design  dis- 
charge in  fill  over  low  areas  in  the  profile  that  it  is  economical 
to  do  so  even  at  the  expense  of  close  construction  control  on  the 
dike . 

Curve  radii  should  be  sufficiently  great  to  limit  superelevation 
of  the  water  surface  to  one  foot  above  computed  depth  of  flow  or 
107o  of  water  surface  width,  whichever  is  the  least. 

The  amount  of  superelevation  may  be  determined  as  follows  for 
subcritical  flow  in  trapezoidal  channels: 


0 _ V2  (b  + 2 zd) 

U . 

2 (gR  - 2zV2) 

where  the  terms  are  as  defined  in  the  glossary. 

Channels  whose  energy  gradients  at  design  flow  have  a slope  at  or 
near  critical  (0.7sc< sc ^ 1.3sc)  will  require  additional  depth  as 
follows : 


Hw  = 0.25  dc 


2 


where  the  terms  are  as  defined  in  the  glossary. 

The  above  criterion  applies  to  flows  with  velocities  slightly 
greater  than  critical  as  well  as  to  sub-critical  flow  in  the 
unstable  range.  Where  possible,  grades  and/or  cross  sections 
should  be  adjusted  to  avoid  the  unstable  range. 

Step  4.  - - Select  values  of  Manning's  coefficient  "n".  The 
estimation  of  realistic  values  of  the  roughness  coefficient  "n" 
is  an  important  factor  in  channel  design.  The  value  "n"  indicates 
the  net  effect  of  all  factors,  except  grade  and  hydraulic  radius, 
causing  retardation  of  flow  in  the  reach  of  channel  under 
consideration.  The  estimation  of  "n"  warrants  critical  study  and 
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judgement  in  the  evaluation  of  the  factors  affecting  its  value.  The 
primary  factors  are:  irregularity  of  the  surfaces  of  the  channel 

sides  and  bottom,  variations  in  shape  and  size  of  cross  sections, 
obstructions,  vegetation,  and  alignment  of  the  channel. 

A systematic  procedure  for  the  estimation  of  "n"  values  is  contained 
in  NEH,  Section  5^0-'  , Supplement  B.  This  procedure  should  be  used 
and  supplemented  by  any  other  applicable  data. 

Table  1 in  SCS-TP-61  ZU  lists  a range  of  "n"  values  for  various 
channel  linings  and  conditions,  and  contains  a method  of  estimating 
"n"  values  for  various  vegetal  linings. 

The  design  capacity  of  a channel  should  be  based  on  the  "n"  value 
anticipated  after  the  channel  has  aged,  giving  consideration  to  the 
degree  of  maintenance  that  can  reasonably  be  expected.  When  stability 
is  in  question,  the  stability  of  the  channel  should  be  checked  with 
the  "n"  value  anticipated  immediately  after  construction. 

Step  5.  - - Determine  the  allowable  side  slopes  by  procedures  given 
in  Chapter  6 of  this  guide  or  NEH,  Section  16,  Chapter  6,  if  appli- 
cable . 

Step  6.  - - Determine  allowable  velocities  or  tractive  forces  for  the 
various  reaches,  depending  on  which  procedure  is  to  be  used  to  check 
channel  stability  against  flowing  water.  These  values  will  need  to 
be  considered  when  selecting  channel  sizes  and  slopes  in  step  7.  Use 
procedures  given  in  Chapter  6 of  this  guide.  Since  the  depth  of  flow 
is  required  for  use  in  both  the  velocity  and  tractive  force  proced- 
ures, this  step  will  have  to  be  done  concurrently  with  step  7. 

Step  7.  - - Determine  the  size  and  shape  of  channel  needed.  Since 
the  side  slopes  have  been  determined  by  other  considerations,  the 
design  problem  becomes  the  determination  of  the  required  depth  and 
bottom  width. 

Trial  cross  sections  may  be  selected  by  assuming  uniform  flow  condi- 
tions and  solving  for  the  depth  or  width  by  using  Manning's  equation. 
Several  combinations  of  depth  and  width  should  be  evaluated. 

Generally,  the  most  economical  channel  will  be  one  in  which  the 
hydraulic  grade  line  approaches  the  water  surface  control  line 
determined  in  step  2.  When  this  is  planned,  the  slope  of  the  water 
surface  control  line  may  be  used  as  the  value  of  s in  Manning's 
formula.  The  depth  of  flow  determined  for  the  reach  will  give  the 
position  of  the  channel  bottom.  The  slope  of  the  channel  bottom 
may  be  made  parallel  to  the  water  surface  control  line.  If  care  is 
used  in  selecting  the  proportions  of  the  cross  section,  only  a 
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slight  change  in  depth  of  flow  or  in  bottom  width  at  the  ends  of 
each  reach  will  result.  For  the  above  condition,  the  effect  of 
transitions  on  the  water  surface  profile  will  be  small  and  for 
all  practical  purposes  the  water  surface  control  line  becomes  the 
true  water  surface  profile  for  the  channel.  (See  Fig.  6-13,  NEH, 


Step  8.  - - Compute  the  water  surface  profile  for  the  best  apparent 
cross  section.  Hydraulic  design  methods  outlined  in  NEH,  Section 
16—/,  Chapter  6 are  based  on  the  assumption  that  Manning’s  formula 
defines  the  slope  of  the  hydraulic  gradient.  This  assumption  is 
valid  for  channels  where  changes  in  velocity  head  from  one  reach 
to  the  next  are  insignificant,  and  will  provide  a short  cut  to 
water  surface  profile  calculations. 

The  generally  accepted  method  of  computing  the  water  surface 
profile  is  outlined  in  T.  R.  15.  Water  surface  profiles  must 
begin  at  the  downstream  end  of  the  work  and  proceed  upstream. 

Where  reaches  are  long,  the  upstream  part  of  the  reach  will 
usually  approach  a condition  of  uniform  flow. 

Often,  the  completed  water  surface  profile  will  point  up  the  need 
for  reproportioning  the  cross  section  to  provide  more  capacity  or 
more  economy.  Usually  an  adequate  and  economic  cross  section  may 
be  arrived  at  within  two  trial  solutions. 

Curves  in  alignment.  - - Often  it  is  necessary  to  re-evaluate 
curves  in  earth  channels  after  the  hydraulic  design  is  otherwise 
complete.  With  velocities  known  it  is  possible  to  determine 
the  minimum  curve  radius  permissible  without  protection,  as  out- 
lined under  "Channel  Stability."  The  decision  between  complying 
with  this  minimum  radius  and  shortening  the  radius  and  providing 
'rock  riprap  bank  protection  on  the  curve  then  becomes  a matter 
of  economics.  Cost  of  right-of-way,  severance  or  structure  removal 
may  be  greater  than  the  cost  of  protecting  a tight  curve.  In  very 
flat  topography  (so<0.001  ft. /ft.)  Table  6.1,  NEH  Section  16^./, 
may  be  used  to  determine  minimum  radius  of  unprotected  curves. 

Side  drainage.  - - Major  tributaries  on  which  work  is  to  be  done 
as  a part  of  the  project  are  usually  brought  in  at  channel  invert 
grade.  Water  surface  profiles  above  the  junction  on  both  tribu- 
taries may  be  calculated  as  stated  above. 

Minor  tributaries  are  usually  brought  in  at  an  elevation  above 
the  channel  invert.  The  channel  bank,  thus  exposed,  must  be  pro- 
tected by  rock  riprap,  concrete,  pipe  over-pour  or  other  methods. 
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Overland  flow  entering  the  channel  should  be  concentrated  where  possi- 
ble and  brought  in  at  selected  locations.  Where  it  is  not  practical 
to  concentrate  such  flow,  the  channel  bank  should  be  protected  or 
vegetated,  unless  the  soil  materials  are  sufficiently  resistant  to 
the  erosive  forces  applied  to  remain  stable. 

Where  low  areas  must  be  drained  into  the  channel,  it  may  be  necessary 
to  install  conduits  through  a dike  and  attach  automatic  drainage  gates 
to  the  conduits  to  prevent  outflow  from  the  channel. 

Channel  entrance.  - - Flood  channels  are  usually  terminated  at  the 
upstream  end  where: 

1.  The  discharge  is  sufficiently  small  that  the  existing  facility  has 
adequate  capacity,  or 

2.  The  benefits  from  additional  length  of  channel  improvement  will  not 
justify  the  cost  thereof. 

In  the  former  case,  the  work  may  usually  be  terminated  by  a simple 
transition  from  the  constructed  channel  to  the  existing  channel. 
Occasionally  it  will  be  necessary  to  install  a drop  spillway  structure 
to  reconcile  the  grade  difference. 

In  the  latter  situation,  it  may  be  necessary  to  construct  wing  dikes 
to  collect  the  upstream  flow  and  concentrate  it  into  the  constructed 
channel . 

Earth  channels  with  grade  control  structures.  - - This  type  of  pro- 
tection is  particularly  satisfactory  where  existing  channels  have 
plenty  of  capacity. 

Energy  gradient  is  controlled  by  proportioning  the  weir  notch  so  that 
the  head  necessary  to  operate  the  weir  at  design  discharge  corresponds 
to  the  uniform  flow  depth  upstream  from  the  structure,  thus  defining 
the  water  surface  profile.  In  this  case,  energy  dissipation  is 
accomplished  at  the  structures  by  changing  part  of  the  horizontal 
velocity  to  vertical  and  dissipating  the  vertical  velocity  head  in  the 
plunge  pool.  Drops  that  are  exceptionally  low  in  relation  to  tailwater 
(particularly  submerged  drops)  are  likely  to  be  inefficient  and  their 
basins  must  be  quite  long  to  accomplish  energy  dissipation. 

Three  types  of  drop  spillway  structures  are  commonly  used  in  Service 
work: 

1.  Type  B Drop  Spillway 

2.  Type  C Drop  Spillway 

3.  Box  Inlet  Drop  Spillway 
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Criteria  for  the  design  of  Type  B and  Type  C drops  may  be  found  in 
NEH  Section  11  Type  B drops  have  shorter  basins,  are  not  so 
deeply  buried,  and,  consequently,  are  cheaper  where  hydraulic  con- 
ditions permit  their  use.  Type  B structures  are  not  designed  for 
submergence  or  high  tailwater  to  fall  relationships. 

The  Type  C structure  is  more  tolerant  of  high  tailwater  and  submer- 
gence, but  must  be  longer  and  more  deeply  buried  below  the  down- 
stream channel  invert. 

Criteria  for  the  design  of  the  Box  Inlet  drop  spillway  may  be  found 
in  SCS-TP-106iL2/.  This  structure  is  useful  when  a long  weir  crest 
is  needed  in  a relatively  narrow  channel,  when  deep  excavation 
would  be  difficult  and  expensive,  when  a sizable  pool  in  the  basin 
would  constitute  a health  hazard,  and  on  high  drops  where  potential 
sliding  constitutes  a stability  problem. 

Lined  channels.  - - Rock,  concrete  or  other  trapezoidal  lining  is 
usually  provided  for  channels  at  subcritical  flow  where  velocities 
are  sufficiently  great  that  the  bottom  and  banks  of  an  unprotected 
channel  would  be  unstable.  When  velocities  are  supercritical,  rock 
lining  will  usually  be  uneconomical  because  of  the  large  size  rock 
and  thick  section  required  for  stability. 

Hydraulic  design  procedure  is  similar  to  that  for  unprotected 
earth  channels.  Additional  depth  may  be  required  on  curves  because 
of  superelevation  of  the  water  surface. 

Because  of  the  relatively  high  cost  of  rock  and  filter  blanket  or 
other  lining  material,  it  is  best  to  design  for  maximum  hydraulic 
radius  within  limits  of  available  depth,  bank  stability  and 
reasonable  excavation  equipment  width. 

Earth  channels  with  bank  protection  only.  - - This  type  of  pro- 
tection is  used  when  unprotected  banks  would  be  unstable,  but  the 
bottom  is  naturally  erosion  resistant. 

Hydraulic  design  procedure  is  the  same  as  for  unprotected  earth 
or  rock-lined  channels  except  for  the  composite  friction  coeffi- 
cient . 

Supercritical  Flow 

Hydraulic  design  procedure  for  lined  channels  at  supercritical  flow 
may  differ  quite  radically  from  that  for  subcritical  channels. 

Here,  the  principal  concern  is  with  capacity  and,  within  limits, 
the  greater  the  velocity  the  more  economical  the  cross  section,  as 
all  supercritical  channels  not  excavated  in  rock  will  require  lining. 
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Although  the  procedure  for  the  selection  of  trial  cross  sections, 

alignment,  and  grade  is  similar  to  that  for  subcritical  channels, 

final  design  differs  in  the  following  ways: 

1.  Stability  against  erosion  is  no  longer  a factor,  having  been 
accomplished  by  mechanical  protection. 

2.  Side  inlets  for  small  discharges  can  usually  be  brought  in  at 
any  level  above  channel  grade  without  special  protection. 

3.  Junctions  for  channels  with  supercritical  flow  must  be  carefully 
designed.  Supplemental  model  studies  may  be  needed  if  the  pro- 
posed design  differs  radically  from  junctions  on  which  model 
study  information  is  already  available. 

4.  Superelevation  on  curves  is  an  important  factor  in  design. 

5.  Trapezoidal  sections  should  be  avoided  on  curves. 

6.  For  supercritical  flow,  water  surface  profiles  must  be  run  in 
a downstream  direction. 


Design  Procedure.  - - Trial  cross  sections  and  grades  may  usually  be 
selected  on  the  basis  of  uniform  flow  characteristics.  In  super- 
critical reaches  it  is  unlikely  that  changes  will  be  needed  when  the 
water  surface  profile  is  computed.  Curves  will  nearly  always  require 
additional  depth.  Superelevation  of  the  water  surface  may  be  deter- 
mined using  the  methods  described  below: 

1.  For  rectangular  channels  at  subcritical  velocity,  or  at  super- 
critical velocity  where  a stable  transverse  slope  has  been 
attained  by  use  of  an  upstream  easement  curve  (spiral  easement 
or  compound  curve) . 

S = a CSee  glossary) 


2.  Supercritical  velocity  - simple  curve, 
s = 1.2 

gR 


Location  of  the  first  point  of  maximum  depth  on  the  outside  wall 
may  be  determined  by  the  following  formula: 


9 = cos 


-1 


R - b 

2 

R + b 

2 


cos  ft 


ft 


where  the  terms  are  as  defined  in  the  glossary. 
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Either  spiral  easements  or  compound  curves  may  be  employed  to  reduce 
superelevation  in  accordance  with  the  following  criteria. 


3.  Compound  Curve  Criteria 


The  complete  curve  is  to  consist  of  three  sections;  a central 
section  with  radius  Rc  and  an  approach  and  terminal  section 
each  with  a radius  Rt  equal  to  twice  Rc>  This  produces  a 
superelevation  in  the  zone  of  the  first  maximum  equal  to  one- 
half  the  normal  superelevation  produced  in  a simple  curve 
whose  radius  is  equal  to  that  of  the  central  section. 

R.  = 2 R 
t c 


The  length  of  each  transition  curve  in  terms  of  the  central 
angle 


0 


t 


tan 


-1 


b 

Rt  tan  /3 


Compound  curves  shall  be  used  under  the  following  conditions: 


When  necessary  to  limit  superelevation  to  one  foot  allow- 
able maximum. 


When  two  successive  curves  occur  with  an  intervening 
tangent  less  than  1000'  in  length. 

4.  Spiral  Easement  Curve 

Such  easement  curves  other  than  the  constant  radius  trans- 
ition may  be  used  provided  that  a simple  disturbance  pattern 
is  produced,  and  the  maximum  wave  height  on  the  outside  wall 
at  the  beginning  of  the  curvature  of  the  main  curve  is  equal 
to : 


S 


Trapezoidal  lined  channels  are  not  recommended  for  curved  align- 
ment at  supercritical  flow  because  of  the  difficulty  in  predicting 
wave  run-up  on  the  sloped  banks. 

Freeboard.  - - Minimum  freeboard  of  0.2  times  the  depth  should  be 
provided  for  rectangular  channels  at  supercritical  flow  and  0.25 
times  the  depth  for  trapezoidal  supercritical  channels. 
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Junction  structures.  - - Design  of  channel  junction  structures  has  not 
been  covered  in  any  standard  hydraulic  reference.  Specific  studies 
have  resulted  in  criteria  and  guidance  on  analysis  and  design  of 
elements  of  the  problem.  Model  study  may  be  necessary  to  confirm  or 
refine  design  of  important  structures. 

Model  study  of  confluences  has  made  evident  the  need  to  make  the 
junction  with  the  two  flows  as  nearly  parallel  as  possible.  This 
reduces  velocity  and  momentum  components  (which  cause  waves  normal 
to  the  direction  of  combined  flow)  to  a minimum. 


Having  accomplished  this,  application  of  the  momentum  principle  to 
the  junction  will  provide  a reliable  analysis  for  design.  Further 
guidance  for  junction  design  is  contained  in  Fig.  5-1 . and  "Hydraulic 
Model  Studies  for  Whiting  Field  Naval  Air  Station,"  — ' prepared  by 
the  Soil  Conservation  Service. 


Channel  entrance.  - - Some  type  of  structure  with  weir  control  is 
needed  at  the  entrance  to  the  lined  section.  Such  a structure  may 
be  either  the  straight  weir  or  folded  weir  type.  Folded  weirs  require 
a drop  to  prevent  submergence. 

Transitions.  - - Simple  transitions  in  bottom  width  of  rectangular 
channels  may  usually  be  handled  by  limiting  the  angle  between  the 
transition  walls  to  ten  degrees  or  less.  Transitions  between 
rectangular  and  trapezoidal  sections,  particularly  where  the  trap- 
ezoidal section  is  in  earth,  are  more  complex.  The  attached  paper 
on  transitions  (see  Appendix  I)  has  been  used  in  the  design  of 
several  transitions  that  function  satisfactorily. 

Channel  outlet.  - - The  SAF  Basin  is  the  most  satisfactory  outlet 
structure  where  rectangular  R/C  channels  at  supercritical  flow  dis- 
charge into  an  earth  section.  It  is  also  permissible  to  use  a R/C 
transition  to  a trapezoidal  rock-lined  section.  The  rock  lining 
should  extend  a sufficient  distance  downstream  at  zero  or  very  low 
gradient  that  velocities  are  reduced  to  those  permissible  in  the 
earth  materials  in  the  bed  and  banks  of  the  channel. 

Bridges  and  Culverts.  - - Crossings  over  relatively  narrow,  rectangular 
R/C  channels  are  easily  accomplished  with  R/C  single  span  box  culverts. 
These,  when  bottom  slab  and  sidewalls  match  those  of  the  channel,  have 
no  hydraulic  effect.  This  is  also  true  for  clear  span  bridges  over 
rectangular  or  trapezoidal  channels.  Losses  caused  by  bridge  piers 
or  interior  walls  of  multiple  cell  box  culverts  may  be  determined  by 
the  momentum  method.  (See  Appendix  II) 
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NOMENCLATURE 


cross-sectional  area  of  water  prism 
base  width  of  channel  section 
constant  - see  Chart  A 
vertical  depth  of  water 
acceleration  due  to  gravity  (32.2) 

difference  in  invert  elevation  between  any  two  sections 
length  of  channel  reach 

coefficient  of  roughness  in  Manning's  formula 
average  wetted  perimeter  between  two  sections 
wetted  perimeter  at  middle  section 
rate  of  discharge 

average  hydraulic  radius  between  two  sections 
hydraulic  radius  at  middle  section 
radius  of  curve  to  centerline 
critical  slope  of  channel  Invert 
channel  invert  slope 

average  velocity  between  two  sections 
velocity  at  middle  section 

side  slope  of  trapezoidal  section  (horizontal  to 
vertical) 

angle  of  merging  channels 
invert  slope  angle 
Proude  number 


ft.* 

ft. 

ft.  * 

fps.2 

ft. 

ft. 

ft. 

ft. 

cfs. 

ft. 

ft. 

ft. 


fps. 

fps. 


deg. 

deg. 


Numerical  subscripts  refer  to  appropriate  channel  members. 


I.  TRAPEZOIDAL  CHANNELS 


i 


Constant  Width 
Main  Channel 

Unequal  Width 
Main  Channel 


2j.  ":X<  -57 
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Note:  For  flo%ra  at  supercritical  velocities  these  equations  may  be  used  only  for  prelimi- 

nary design.  Pinal  design  must  be  based  on  results  of  supplemental  hydraulic  model  studies. 


2.  RECTANGULAR  CHANNELS 


Constant  Width 
Main  Channel 

Unequal  Width 
Main  Channel 

SPECIAL  CASE 
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Limiting  Criteria  - Rectangular  Channels 
Supercritical  Velocity  Plow  in  All  Branches. 


Constant  Width 

Si . 

Main  Channel 

gA, 

Unequal  Width 

Main  Channel 

gA, 

Criteria 

tan <0.1 

Convergence  « 

P - 
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\/gd 

e 
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Height  of  splitter  wail 
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downstream  ■ 6"  min. 
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FIGURE  5-1 

HYDRAULICS  JUNCTION  STRUCTURES 


REFERENCE'  FLOW  ANALYSIS  AT  OPEN  CHANNEL 
JUNCTIONS  ; U.S.C.E.  - L A.  1947 


APPENDIX  I TO  CHAPTER  5 


ON 


CHANNEL  PLANNING  AND  DESIGN 


TRANSITIONS 


Important  Transitions  Where  it  is  Necessary  to  Conserve  Head 

Circumstances  requiring  a change  in  channel  section  occur  frequently. 
The  crossing  of  roads,  the  changing  of  grades,  and  many  topographic 
conditions  provide  situations  where  acceleration  or  deceleration  of 
flow  is  necessary  to  meet  required  changes  of  cross  section. 

Adequate  design  of  transition  structures  to  provide  for  gradual 
changes  of  the  flow  section  is  important  because  at  such  places  the 
capacity  of  the  whole  system  is  frequently  determined.  Poor  trans- 
ition design  not  only  vitiates  good  channel  construction  but  may 
cause  undesirable  backwater  effects. 

Although  transition  design  is  based  on  the  Bernoulli  and  Continuity 
equations,  experience  plays  a very  significant  part.  Model  studies 
and  observations  of  many  actual  structures  have  indicated  several 
rules  to  be  followed.  They  are: 

1.  The  water  surface  should  be  smoothly  transitioned  to  meet  end 
conditions . 

2.  The  water  surface  edges  should  not  at  any  section  converge  at 
an  angle  greater  than  28°  with  the  center  line,  nor  diverge  at 
an  angle  greater  than  25°. 

3.  In  well  designed  transitions,  losses  in  addition  to  friction 
should  not  exceed  .10  hv  for  convergence  and  .20  hv  for  divergence. 

4.  In  general  it  is  desirable  to  have  bottom  grades  and  side  slopes 
meet  end  conditions  tangentially.  (Usually  this  rule  must  be 
violated  when  critical  depths  are  approached  going  from  an  earth 
channel  to  a lined  ditch.) 

To  outline  the  specific  steps  in  designing  a transition,  it  is 
desirable  to  reduce  Bernoulli's  equation  to  a more  convenient  form. 
Equation  (5.1-1)  reads 


V2  P 
1 + 1 + 

2g  W 


V2  P 

2 + 2 + + hf 

2g  W 


(Eq.  5.1-1) 


247-927  0-78-8 
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If  the  flow  takes  place  on  sufficiently  flat  slopes  so  that  P 

p + z 

equals  WY,  then  the  terns  are  exactly  equal  to  the  elevation 

of  the  water  surface  for  all  elements.  If  a fall  of  surface 
downstream  is  taken  as  positive,  Bernoulli's  equation  becomes: 

^ W.S.  = ^ h -t  h^  + impact  (Eq.  5.1-2) 

For  simplicity,  the  term  "impact"  is  used  as  a measure  of  losses 
due  to  change  in  direction  of  stream  lines  in  both  converging 
and  diverging  transitions.  In  a converging  transition,  these 
losses  are  truly  due  to  impact  as  stream  lines  impinge  against 
the  converging  walls.  In  a diverging  transition,  losses  are 
caused  primarily  by  eddy  currents  resulting  from  negative  pres- 
sures along  the  diverging  walls. 

In  relatively  short  transition  structures  the  ordinary  friction 
losses  given  by  the  Manning  formula  are  small  compared  with  the 
impact  losses  and  the  head  loss  in  the  transition  is  very  nearly 
* 10a  hy  f°r  inlets  and  .20^1^  for  outlets.  Equation  (5.1-2) 
reduces  finally  to  ^W.S.  equals  l.lO^h^  for  inlets  and  ^W.S. 
equals  .80^  h^  for  outlets.  Friction  loss  must  be  considered 
for  long  transitions  and  for  velocities  in  excess  of  20  fps . 

These  simple  relationships  assisted  by  the  continuity  equation 

Q = A±  = A2  V2  (Eq.  5.1-3) 

form  the  basis  of  all  transition  design.  Detailed  steps  to  be 
followed  in  the  computation  follow. 

1.  From  the  quantity  of  flow  compute  the  velocities  and  velocity 
heads  at  the  end  sections. 

2 . Compute  the  overall  change  in  water  surface  from 
^W.S.  equals  1.10^  h (inlets) 

^W.S.  equals  .80^  h^  (outlets) 

(neglecting  ordinary  friction  loss) 

3.  Construct  a smooth  curve  to  represent  the  water  surface  having 
the  computed  change  in  elevation  and  tangent  to  the  surfaces 
at  the  ends.  Two  reverse  parabolic  curves  are  good.  However, 
any  smooth  curve  can  be  used. 
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4.  Mark  this  surface  curve  at  6 to  10  stations  (depending  on  the 
size  of  the  structure),  and  tabulate  the  total  ^W.S.  from  the 
beginning  of  the  transition  to  each  station.  The  distance 
between  these  stations  is  assumed  at  first  and  then  adjusted 
until  the  desired  conditions  are  reaches. 

5.  Compute  ^ hv  from  ^ W.S.  or  ^W.S.  for  each  station  and 

1.1.0  0.80 


evaluate  each  h^  and  V. 

6.  From  Q equals  AV,  obtain  the  cross  sectional  area  required  at 
each  section. 


7. 

8. 


Assuming  a bottom  grade  line  to  meet  end  conditions,  list  depths 
at  each  station. 

A 

Evaluating  the  average  width  from  d,  select  side  slopes  to  make 
the  water  surface  converge  smoothly  according  to  the  requirements 
of  rules  2 and  4.  If  this  cannot  be  done  by  adjustment  of  side 
slopes  along,  the  transition  may  be  lengthened,  the  bottom  grade 
line  changed  or  the  water  surface  may  be  varied.  A juggling  of 
these  controls  will  finally  produce  the  required  results. 


Care  should  be  taken  in  designing  the  transition  when  the  velocity 
goes  through  critical.  On  inlet  transitions  the  bottom  should  be 
raised  gradually  until  the  critical  depth  is  reached  and  just  beyond 
it  should  drop  as  fast  as  possible.  In  this  way  the  critical  depth 
is  very  unstable  and  unless  this  is  done  the  critical  depth  may  not 
come  at  the  computed  location  and  cause  improper  loading  in  the 
channel  below. 


It  is  possible  to  design  an  outlet  transition  from  a subcritical  to 
a super  critical  depth  without  going  through  a hydraulic  jump,  but 
it  is  better  to  avoid  this  condition  if  possible. 


9.  To  allow  for  the  friction  loss,  compute  P and  R for  each  section 
and  compute  the  rate  of  friction  loss,  f,  for  flow  at  each 
section  from 


f 


2.208R 


4/3 


(Eq.  5.1-4) 


10.  Then  the  friction  loss  between  any  two  sections  equals  the 

average  value  of  f for  the  two  sections  times  the  length  between 
sections . 
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11.  Then  the  water  surface  and  bottom  at  each  section  must  be 

dropped  an  amount  equal  to  the  summation  of  the  values  found 
in  step  10.  (From  the  beginning  to  the  point  in  question.) 

These  steps  are  illustrated  in  the  following  examples. 
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5.1-7 


FIGURE  5.1-1 

TYPICAL  TRANSITION  TO  RECTANGULAR  FLUME 


SECTION  AA 


Design  an  inlet  transition  from  an  earth  channel  with  a discharge  of  200  C.F.S.,  bottom  width  10.0  feet, 
depth  3.68  feet,  side  slopes  1-1/2: 1,  area  57.11  square  feet  and  a velocity  of  3.5  feet  per  second  to  a rectangular 
concrete  lined  channel  with  a width  of  5.17  feet,  depth  2.58  feet,  area  13.34  square  feet  and  a velocity  of  15.0 
feet  per  second. 
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By  plotting  it  was  found  a distance  of  4 ft.  between  stations  fit  the  desired  conditions 
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By  plotting  it  was  found  that  a distance  of  3 ft.  between  stations  fit  the  desired  conditions 
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FIGURE  5.1-3 

TYPICAL  OUTLET  TRANSITION 


Q = 200  c.  f s. 

Upstream  Downstream 
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A W.5.  = K 


In  general,  {he  specific 
energy  of  flow  al  infer-  | I 
mediate  sections  of  the  1 , . 

transition  must  be  compu teo\ 
by  Formula  7.  Velocities 
are  computed  from  cross- 
sectional  areas  taken  nor- 
mal to  the  bottom  rather 
than  vertical  sections  The 
computations  for  the  W 5. 
line  are , in  general,  by  trial 
( error  similar  to 
the  method  of  com 
put  mg  flow  in 
non- prismatic 
chutes. 
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FIGURE  5.1-4 

TYPICAL  INLET  TRANSITION  TO  PIPE  LINE 


AW.  5. 

In  general,  the  specific 
energy  of  flow  a!  inter- 
mediate sections  of  the  , . . 

transition  must  be  compu  ico\ 
by  Formula  7.  Velocities 
are  computed  from  cross- 
sectional  areas  taken  nor- 
mal to  the  bottom  rather 
than  vertical  sections  The 
computations  for  the  W.5. 
line  are,  m general,  by  trial , 

( error  similar  to 
the  method  of  com- 
puting flow  m 
non- prismatic 
chutes. 


SECTION  AA 


SECTION  BB 


SECTION  AT 


This  type  of  transition  is  used  where  it  is  necessary  to 
develop  the  maximum  or  near  maximum  capacity  of  the 
pipe  tine  at  the  tower  end  of  the  transition  or  where 
normal  flow  m the  pipe  hne  is  at  partial  depth  hut  not 
enough  head  can  be  used  at  the  transition  tc  develop  full 
normal  velocity  for  the  pipe  In  the  tatter  case,  the  trans- 
ition may  be  set  to  deliver  the  water  to  the  entrance  of  the 
pipe  at  full  diameter  and  allowing  the  water  to  accelerate 
in  the  pipe. 

In  general,  the  length  of  this  type  of  transition  is 
governed  by  ease  of  construction  ■,  / e,  the  slope  of  the 
bottom  can  net  be  made  too  steep. 

tf  enough  head  is  available  to  deliver  the  water  to 
the  pipe  at  about  mid-  diameter  or  less,  the  transition 
mag  be  warped  to  a U-shaped  section  at  the  pipe  en- 
trance rather  than  the  full  round  section 


SECTION  DO 


SECTION  EE 
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Less  Important  Transitions 

This  type  of  design  is  used  when  head  is  not  at  a premium. 

The  elevation  of  the  water  surface  at  each  end  is  known.  No  attempt 
is  made  to  trace  out  the  water  surface  curve  at  intermediate  points . 
The  sides  are  straight  lines  and  can  be  made  vertical  when  going 
from  an  earth  channel  to  a rectangular  or  circular  section  and  vice 
versa.  If  the  side  slopes  of  the  two  sections  are  different,  they 
should  be  gradually  warped  to  meet  the  end  conditions.  The  bottom 
should  be  laid  in  tangent  to  the  grade  at  each  end. 

In  the  absence  of  more  specific  knowledge  the  length  of  the  transi- 
tion should  be  such  that  a straight  line  joining  the  flow  line  at 
the  two  ends  of  the  transition  will  make  an  angle  of  about  12  1/2° 
with  the  axis  of  the  structure. 

Neglecting  friction  the  losses  can  be  taken  as  0.15^  h^  for  inlet, 
and  0.25^  h^  for  outlet  transitions. 

In  transitioning  from  an  earth  channel  to  a lined  channel  with  a 
velocity  greater  than  the  critical,  the  earth  channel  should  be 
contracted  at  the  entrance  to  the  transition  sufficient  to  develop 
critical  depth,  and  not  develop  scouring  velocities  above.  The 
bottom  of  the  transition  should  drop  rapidly  from  the  entrance  and 
connect  tangent  to  the  grade  on  the  channel  below. 

The  procedure  in  designing  such  a transition  is: 

1.  Compute  the  length. 

2.  Compute  the  change  in  water  surface  from: 

W.S,  equals  1.15  ^ h^  (inlets) 

W.S.  equals  0.75^  h^  (outlets) 

(neglecting  ordinary  friction  loss) 

To  illustrate  this  procedure  let  it  be  required  to  design  a transi- 
tion from  an  earth  channel  carrying  100  second  feet,  bottom  width 
12.6  feet,  depth  of  water  2.1  feet,  total  depth  2.6  feet,  side 
slopes  1-1/2  to  1 and  an  average  velocity  of  3.0  feet  per  second  to 
a concrete  lined  channel  with  a bottom  width  of  3.0  feet,  depth  of 
water  1.72  feet,  total  depth  2.0  feet,  side  slopes  1-1/2  to  1 and  an 
average  velocity  of  10.43  feet  per  second. 
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The  normal  depth  in  the  concrete  channel  of  1.72  feet  is  less  than 
the  critical,  therefore  it  is  necessary  to  develop  a velocity 
greater  than  the  critical.  The  earth  channel  should  be  contracted 
to  develop  critical  depth,  without  an  excess  drawdown  effect  in  the 
earth  channel  above.  In  the  earth  channel  under  consideration  it 
is  necessary  to  contract  the  bottom  to  a width  of  8.5  feet,  the 
side  slopes  being  1-1/2  to  1. 

dc  equals  1.44  feet 

Vc  equals  6.5  feet  per  second 

1.  Length  of  transition 

2.33  x cot  12-1/2°  equals  2.33  x 4.51  equals  10.5  feet  say 
10.0  ft. 

2.  W.S.  equals  1.15  (^hy) 

equals  1.15  (1.035)  equals  1.19  feet  (See  Fig.  5.1-5) 
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FIGURE  5.1-5 

Typical  Transition  with  Straight  Sides 


B- n 


Plan  Showing  Bottom  & Lines  at  W.  3. 
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APPENDIX  II  TO  CHAPTER  5 


MOMENTUM  METHOD  OF  DETERMINING  BRIDGE  PIER  LOSS  * 

Flow  past  an  obstruction  has  been  divided  into  three  types  which 
follow  roughly  "Class  A and  B"  flow  as  defined  by  Yarnell,  and  "Class 
C"  flow  as  indicated  by  Yarnell  and  defined  herein.  The  definitions 
as  given  by  Koch  and  Carstanjen  for  the  three  flow  conditions  follow: 

"Class  A"  flow  is  defined  as  a flow  condition  whereby  critical  flow 
within  the  constricted  bridge  section  is  insufficient  to  produce 
the  momentum  required  downstream.  It  is  apparent  that  for  this  type 
of  flow,  the  bridge  section  is  not  a "control  point"  and,  therefore, 
the  upstream  water  depth  is  controlled  by  the  downstream  water 
depth  plus  the  total  losses  incurred  in  passing  the  bridge  section. 

"Class  B"  flow  is  defined  as  a flow  condition  whereby  critical  flow 
within  the  constricted  bridge  section  produces  or  exceeds  the 
momentum  required  downstream.  When  this  condition  exists,  the  up- 
stream water  depth  is  independent  of  the  downstream  water  depth, 
being  controlled  directly  by  the  critical  momentum  required  within 
the  constricted  bridge  section  and  the  entrance  losses. 

"Class  C"  A special  form  of  "Class  B"  flow  occurs  when  the  upstream 
water  is  flowing  at  a subcritical  depth  and  containing  sufficient 
momentum  to  overcome  the  entrance  losses  and  produce  a super- 
critical velocity  within  the  constricted  bridge  section. 

The  drawing  on  the  following  page,  entitled  "Bridge  Pier  Losses  by 
the  Momentum  Method"  shows  the  water  surface  profiles  and  momentum 
curves  for  the  three  classes  of  flow. 

Momentum,  as  referred  to  above,  is  defined  as  total  momentum  or  the 

2 

total  of  static  and  kinetic  momentum,  and  may  be  written  as  m + (^_ 

gA 

where  m = total  static  pressure  of  the  water  at  a given  section 
in  pounds 

Q = discharge  in  cubic  feet  per  second 

g = acceleration  of  gravity  in  feet  per  second  per  second 

A = channel  cross-sectional  area  in  square  feet. 

* Data  derived  from  "Report  of  Engineering  Aspects,  Flood  of 

March  1938,  Los  Angeles,  California,"  - Appendix  I,  Theoretical 
and  Observed  Bridge  Pier  Losses  - U.  S.  Engineer's  Office,  Los 
Angeles,  California,  - May  1949  and  from  "Approximate  Method 
Determines  Bridge  Pier  Loss,"  by  G.  M.  Allen,  Jr.,  in  March 
1953,  Civil  Engineering. 
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The  unit  weight  of  water  (w)  should  appear  in  each  term,  but 
since  it  would  cancel  in  the  final  equations,  it  has  been  assumed 
equal  to  unity,  dimensions  being  pounds  per  cubic  foot. 


Based  on  experiments  under  all  conditions  of  open  channel  flow 
where  the  channel  was  constricted  by  short  flat  surfaces  perpend- 
icular to  flow,  such  as  bridge  pier,  Koch  and  Carstanjen  found  that 


the  total  kinetic  loss  was  equal  to 


A0Q2 


where  Aq  is  the  area  of 


the  obstruction  on  the  upstream  surface  and  A-^  is  the  water  area  in 
the  upstream  unobstructed  channel.  For  circular  nose  piers,  Koch 


is 


and  Carstanjen  show  that  2/3  of  ) should  be  used.  It 

(A^gA-^) 

apparent  that  the  static  pressure  itiq  against  the  upstream  obstructed 
area  is  not  effective  downstream,  whereas  the  static  pressure 
against  the  downstream  obstructed  area  is  effective  downstream. 
Therefore,  if  we  let  the  subscripts  1,  2,  and  3 represent  condi- 
tions upstream,  within  and  downstream  of  the  constricted  section, 
respectively,  we  may  write  the  general  momentum  relationship  as 
follows : 


Total  upstream  momentum  minus  the  momentum  loss  at  entrance 
must  equal  the  total  momentum  within  the  constricted  section, 
or 


mi 


Q' 

- mo  + — 


_ A0  Q2 


Q2 

m2  + , or 

gAi  Al  gAL  gA2 


mi  - 


Total  momentum  within  the  constricted  section  plus  static 
pressure  on  the  downstream  obstructed  area  must  equal  the  total 
momentum  in  the  downstream  channel,  or 


Q2  Q2 

m2  + — — + mo  = mo  4-  — — , or 

gA2  gA3 


2 2 

, Q , Qz 

m2  + — - - m3  - m0  + — 
gA2  gA3 
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LONGITUDINAL  PROFILE  MOMENTUM  CURVES 


GENERAL  MOMENTUM  EQUATION  : 


V r ^ a-- — ^ XT- * 


' z. 

NOTATIONS  : 

X X,  U1  s Momentum  curves  upstream,  Inside  and 
downstream  of  bridge, respectively 
d,  dj  dj  • Water  depths  upstream,  Inside,  and 
downstream  of  bridge  .respectively. 
dCt*  Critical  depth  within  bridge 
Id's  Chonnel  width 

m,  * m,  - Static  moment  in  unobstructed  chonnel. 
mp  » Startle  moment  of  bridge  pier. 

A,* A) • Area  ot  unobstructed  chonnel  in  sg.  ft 
Ap  » Area  of  bridge  pier  in  sf.  ft. 

<3  » Discherge  in  c.  f S. 
g • Gravitational  constant, 
df  “ Critical  in  unobstructed  channel 


PLAN 


FIGURE  5.2-1  BRIDGE  PIER  LOSSES  BY  THE 
MOMENTUM  METHOD 


r 
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The  general  momentum  equation  follows: 


m^  - hIq  -t 


(Ai  - An)  = mo  + 


%Ar 


= m^  - m^  + 


sA, 


The  above  equations  cannot  be  solved  as  presented,  and  it  is  necessary 
that  a simpler  method  be  used.  The  total  sum  of  momentum  and  hydro- 
static pressure  for  each  section  (Fig.  5.2-3)  for  equal  depths  of 
flow  past  each  section  should  first  be  determined.  Using  equal  depths, 
A1  - AQ  = A2  = A3  - AQ  (or  A1  = and  Mx  “ Mq  = ^2  = M3  " M0  ^°r 

Mi  - V • 

Also,  for  equal  depths,  the  sum  of  momentum  and  hydrostatic  pressure 
for  each  section  I,  II,  and  III  is: 


q2  ( Ai  - ACh 

1 = Mi  " Mo  + 8^1 


II  = M - M + 


1 0 g (A  - A ) 

5 v 1 


2 2 

0 0 

III  = M,  - Mn  + — = M1  - Mn  + — 

1 ° gA3  1 ° gAL 


where,  for  equal  depths,  A^  = A^ 

The  values  for  equations  I,  II,  and  III  are  determined  for  various 
depths,  both  subcritical  and  supercritical.  A curve  for  each  section 
is  plotted  using  the  depth  as  the  ordinate  and  the  values  from  col- 
umns I,  II,  and  III  as  the  abscissa  (see  Fig.  5.2-4).  A vertical 
line  passed  through  the  three  curves  gives  a graphic  solution  of 
the  equations,  as  it  gives,  for  equal  momentum,  the  corresponding 
depths  of  flow. 


This  vertical  line  must  intersect  a minimum  of  five  depth  values, 
and  preferably  six.  Drwg.  No.  7-N-Eng.  248,  page  3,  shows  the 
depth  of  flow  and  its  indicated  class . If  only  one  value  is  inter- 
sected on  curve  II,  the  flow  is  critical  at  Section  II. 

Values  of  "d"  on  the  lower  portions  of  Curves  I and  III  are  used  for 
supercritical  flow,  and  on  the  upper  portions  for  subcritical  flow. 
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Backwater  computations  will  determine  either  a flow  depth  at 
Section  I or  III,  depending  upon  type  of  flow  conditions,  and 
the  curves  give  a direct  solution,  as  the  vertical  line  must 
pass  through  the  known  depth  on  Curve  I or  III,  and  must  also  pass 
through  Curve  II.  If  this  vertical  line  does  not  pass  through 
Curve  II,  it  is  possible  that  the  momentum  of  the  given  depth 
is  not  great  enough  for  the  flow  to  pass  the  obstruction,  and  a 
change  in  the  computed  depth  must  be  made.  The  flow  would  then  be 
critical  at  Section  II,  as  the  critical  depth  is  the  depth  at 
which  the  momentum  and  pressure  is  the  minimum. 

Example 

Given  a trapizoidal  channel,  base-width  16  feet,  side-slopes 
l-3/4:l  and  capacity  Q = 5000  c.f.s. 


1 6 1 


Fig.  5.2-2.  Cross-section  of  channel  showing  center  bridge  pier. 
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Fig.  5.2-3.  Longitudinal  section  along  centerline  of  channel 
indicates  three  locations:  I - immediately  upstream,  II  - Under 

bridge,  III  - Immediately  downstream. 


Compute 


by  solving  for  the  distance  y from  the  water  surface 


to  the  center  of  gravity  of  the  trapezoidal  section  where  y = 


d(T  -f  2b). 
3(T  + b) 


(T  = top  width  and  b = base  width)  and  multiplying  y by  the  area  A, 
or  (M^  = y A^) . The  y distance  for  the  obstruction,  which  is  of 


rectangular  area  A^  is  — ; this  multiplied  by  A^ , will  give  M^. 


Quantities  for  the  remaining  columns  can  be  easily  computed  by  use  of 
the  formulas  given  on  pages  5.2-2  and  5.2-5  and  in  the  column  head- 
ings in  Table  5.2-1. 


Momentum  values  given  in  columns  I,  II,  and  III,  Table  5.2-1,  are 
shown  plotted  on  the  graph,  Fig.  5.2-4,  giving  curves  I,  II,  and  III. 
From  a point  on  Curve  I,  which  represents  the  upstream  depth  d^,  draw 
a vertical  line  through  Curves  II  and  III  which  will  give  the 
depth  values  for  the  sections  under  the  bridge  and  immediately  down- 
stream. For  the  example  given,  refer  to  the  curves  on  Fig.  5.2-4. 

For  an  upstream  depth  of  8.0  feet,  the  depth  under  the  bridge  is 
9.3  feet  and  the  depth  immediately  downstream  is  8.7  feet.  As  the 
flow  upstream  is  at  subcritical  depth,  d1  is  less  than  d and 
"Class  C"  flow  applies  (see  Fig.  5.2-1). 


It  is  shown  in  Table  5.2-1  that  the  bridge  section  includes  an 
18-inch  wide  pier.  As  debris  piles  up  on  the  center  pier  its  net 


41 
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effect  is  to  widen  the  center  pier  increasing  and  M^.  The  effect 

of  such  debris  accumulations  can  be  estimated  by  computing  flow 
conditions  for  the  wider  pier  that  would  result  when  debris  had 
accumulated.  In  critical  cases  the  effect  of  debris  lodging  against 
piers  can  be  minimized  by  constructing  a 2:1  incline  on  the  upstream 
edge  of  the  piers.  This  causes  debris  to  rise  toward  the  surface 
and  widen  only  a portion  of  the  pier  height.  It  should  be  noted, 
however,  that  the  top  eight  (8)  feet  are  normally  considered  to  be 
affected  by  such  debris  so  an  inclined  leading  edge  on  piers  in 
shallow  streams  would  not  be  too  effective. 

The  momentum  method  of  computing  the  approximate  change  of  water 
surface  is  not  dependent  upon  coefficients  "K"  as  are  necessary  in 
the  formulas  derived  by  Nagler,  Weisbach,  Rehbock  and  others  (see 
USDA  Technical  Bulletin  No.  429,  "Pile  Trestles  as  Channel 
Obstructions"  and  USDA  Technical  Bulletin  No.  442,  "Bridge  Piers 
as  Channel  Obstructions") . 

A check  computation  for  the  raise  in  water  surface  due  to  the 
bridge  obstruction  was  made  using  the  Nagler  formula.  The  co- 
efficient K varies  from  .87  to  .94  with  the  channel  contraction 
approximately  five  percent.  The  difference  in  water  surface 
elevation  between  the  depth  in  the  unobstructed  channel  and  the 
depth  caused  by  the  obstruction  was  from  0.7  to  0.8  foot.  Dif- 
ference in  depths  indicated  by  the  Momentum  Method  was  greater, 
shown  by  the  curves  to  be  1.3  feet,  and  is  on  the  conservative 
side . 

The  water  surface  profile,  above  and  below  bridges,  can  be  com- 
puted by  the  standard  step  method,  as  described  in  a report 
"Technical  Memorandum  - Water  Surface  Computation  in  Open 
Channels"  by  R.  F.  Wong,  Los  Angeles  District  Corps  of  Engi- 
neers, and  also  given  in  King's  Handbook  of  Hydraulics. 
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CHAPTER  6.  STABILITY  EVALUATION  AND  DESIGN 


Introduction 


The  analysis  of  earth  channels  with  acceptable  limits  of  stability  is  of 
primary  importance  to  Soil  Conservation  Service  activities.  The  evalua- 
tion or  design  of  any  water  conveyance  system  that  includes  earth  channels 
requires  knowledge  of  the  relationships  between  flowing  water  and  the  earth 
materials  forming  the  boundary  of  the  channel,  as  well  as  an  understanding 
of  the  expected  stream  response  when  structures,  lining,  vegetation,  or 
other  features  are  imposed.  These  relationships  may  be  the  controlling 
factors  in  determining  channel  alignment,  grade,  dimensioning  of  cross 
section  and  selection  of  design  features  to  assure  the  operational  require- 
ments of  the  system. 

The  methods  included  herein  to  evaluate  channel  stability  against  the  flow 
forces  are  for  bare  earth.  When  evaluations  indicate  the  ability  of  the 
soil  is  insufficient  to  resist  or  tolerate  the  forces  applied  by  the  flow 
under  consideration  it  may  be  necessary  to  consider  that  the  channel  has 
mobile  boundaries.  The  magnitude  of  the  channel  instability  needs  to  be 
determined  in  order  to  evaluate  whether  or  not  vegetative  practices  and/or 
structural  measures  are  needed.  Where  such  practices  or  measures  are 
required,  methods  of  analysis  that  appropriately  evaluate  the  stream's 
response  should  be  used. 

Figure  6-1  provides  general  guidance  in  selecting  evaluation  procedures 
that  apply  to  various  site  conditions. 

All  terms  used  in  this  chapter  are  defined  in  the  glossary  on  page  6-87. 


Stability  Evaluation 

Methods  presently  used  by  the  SCS  in  the  evaluation  of  the  stability  of 
earth  channels  are  based  on  the  following  fundamental  physical  concepts. 

1.  Essentially  rigid  boundaries.  Stability  is  attained  when  the  inter- 
action between  flow  and  the  material  forming  the  channel  boundary  is 
such  that  the  soil  boundary  effectively  resists  the  erosive  efforts 
of  the  flow. 

Where  properly  evaluated  and  designed  the  bed  and  banks  in  this  class 
of  channels  remains  essentially  unchanged  during  all  stages  of  flow. 
The  principles  of  hydraulics  based  on  rigid  boundaries  are  applicable 
in  analyzing  such  channels. 

The  procedures  described  in  this  chapter  that  are  based  on  this 
definition  of  stability  are: 

a.  Allowable  velocity  approach. 

b.  Tractive  stress  approach. 

c.  Tractive  power  approach. 
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CHANNEL  EVALUATION  PROCEDURAL  GUIDE 


Figure  6- 1 
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2.  Mobile  Boundaries.  Stability  is  attained  when  the  rate  at  which 
sediment  enters  the  channel  from  upstream  is  equal  to  the  capacity 
of  the  channel  to  carry  material  having  the  same  composition  as  the 
incoming  sediment.  The  bed  and  the  banks  of  the  channel  are  mobile 

and  may  vary  somewhat  from  designed  position.  Stability  in  such 
channels  may  be  determined  by  methods  that  use  the  principles  of  flow 
in  channels  with  movable  boundaries. 


The  procedures  described  in  this  chapter  that  are  based  on  this 
definition  of  stability  are: 

a.  Sediment  Transport  Approach. 

b.  Modified  Regime  Approach. 

Procedure  for  Determining  Sediment  Concentration 

The  stability  of  a channel  is  influenced  by  the  concentration  and  physical 
characteristics  of  the  sediment  entering  the  channel  and  available  for 
transport  as  bedload  and  in  suspension.  Procedures  for  computing  sediment 
transport  are  described  in  NEH-3 , Chapter  If  clear  water  is  not 

used,  stream  gage  data  when  available  and  representing  a wide  range  of 
flows  are  useful  in  predicting  sediment  loads.  When  the  clear  water 
procedure  is  not  chosen  and  suitable  data  are  not  available,  there  is 
a method  of  making  rough  estimates  of  sediment  loads  presented  in  Geologic 
Note  2. 


Allowable  Velocity  Approach 


General 

This  method  of  testing  the  erosion  resistance  of  earth  channels  is  based 
on  data  collected  by  several  investigators. 

Figure  6-2  shows  "Allowable  Velocities  for  Unprotected  Earth  Channels" 
developed  chiefly  from  data  by  Fortier  and  Scobey— / , Lane— ^ , by 
investigators  in  the  U.S.S.R.A®./  and  others.  The  allowable  velocities 
determined  from  Figure  6-2  refer  to  channels  formed  in  earth  with  no 
vegetative  or  structural  protection.  The  Fortier  and  Scobey  data  shown 
on  Figure  6-2  were  collected  by  the  authors  from  engineers  experienced 
in  irrigation  systems.  The  canals  were  well-seasoned,  were  on  low 
gradients,  and  had  flow  depths  of  less  than  3 feet. 

Stability  is  influenced  by  the  concentration  of  fine  material  carried 
by  the  flow  in  suspension.  There  are  two  distinct  types  of  flow 
depending  on  concentration  of  material  in  suspension. 

1.  Sediment  free  flow  is  defined  as  the  condition  in  which  fine  material 
is  carried  in  suspension  by  the  flow  at  concentrations  so  low  that  it 
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has  no  effect  on  channel  stability.  Flows  with  concentrations 
lower  than  1,000  ppm  by  weight  are  treated  as  sediment  free  flows. 

2.  Sediment  laden  flow  is  the  condition  in  which  the  flow  carries  fine 
material  in  suspension  at  moderate  to  high  concentrations  so  that 
stability  is  enhanced  either  through  replacement  of  dislodged  particles 
or  through  formation  of  a protective  cover  as  the  result  of  settling. 
Flows  in  this  class  carry  sediment  in  suspension  at  concentrations 
equal  or  larger  than  20,000  ppm  by  weight. 

Estimation  of  the  concentration  of  sediment  in  suspension  is  best 
made  by  sampling.  See  NEH,  Section  3 for  methods  of  sampling.  If 
the  concentration  is  not  known  from  measurement,  it  can  be  estimated 
by  the  methods  in  Geologic  Note  2. 

Sediment  transport  rates  are  usually  expressed  in  tons  per  day.  To 
convert  them  into  concentration  use  the  equation: 


See  page  4-41  of  NEH  3,  Chapter  4,  for  conversion  from  concentration 
in  parts  per  million  to  milligrams  per  liter. 

Depending  on  the  type  of  soil,  the  effect  of  concentration  of  fine 
sediment  (material  smaller  than  0.074  mm)  in  suspension  on  the  allowable 
velocity  is  obtained  from  the  curves  on  Figure  6-2. 

If  the  suspended  sediment  concentration  equals  or  exceeds  20,000  ppm 
by  weight,  use  the  sediment  laden  curve  on  Figure  6-2.  If  the  sus- 
pended sediment  concentration  is  1,000  ppm  or  less  by  weight,  use  the 
sediment  free  curve  on  Figure  6-2.  A linear  interpolation  may  be  made 
between  these  curves  for  suspended  sediment  concentrations  between 
1,000  ppm  and  20,000  ppm. 

Adjustment  in  the  basic  velocity  to  reflect  the  modifying  effects  of 
frequency  of  runoff,  curvature  in  alignment,  bank  slopes,  density  of 
bed  and  bank  materials,  and  depth  of  flow  are  made  using  the  adjustment 
curves  on  Figure  6-2. 

The  alignment  factor,  A,  and  the  depth  factor,  D,  apply  to  all  soil 
conditions.  The  bank  slope  factor,  B,  applies  only  to  channels  in 
soils  that  behave  as  discrete  particles.  The  frequency  correction, 

F,  applies  only  to  channels  in  soils  that  resist  erosion  as  a coherent 
mass.  The  density  correction  factor,  Ce,  applies  to  all  soil  materials 
except  clean  sands  and  gravels  (containing  less  than  5 percent  material 
passing  size  #200). 
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Figure  6-2  gives  the  correction  factors  (F)  for  frequencies  of  occurrence 
lower  than  10  percent.  Channels  designed  for  less  frequent  flows  using 
this  correction  factor  should  be  designed  to  be  stable  at  the  10  percent 
chance  frequency  discharge  as  well  as  at  the  design  discharge. 


If  the  soils  along  the  channel  boundary  behave  as  discrete  particles  with 
D75  larger  than  0.4  ram  for  sediment  laden  flow  or  larger  than  2.0  mm  for 
sediment  free  flow,  the  allowable  velocity  is  determined  by  adjusting  the 
basic  velocity  read  from  the  curves  on  Figure  6-2  for  the  effects  of 
alignment,  bank  slope,  and  depth.  If  the  soils  behave  as  discrete 
particles  and  D75  is  smaller  than  0.4  mm  for  sediment  laden  flow  or 
2.0  mm  for  sediment  free  flow  the  allowable  velocity  is  2.0  fps.  For 
channels  in  these  soils  no  adjustments  are  to  be  made  to  the  basic 
velocity  of  2.0  fps. 


In  cases  where  the  soils  in  the  channel  boundary  resist  erosion  as  a 
coherent  mass,  the  allowable  velocity  is  determined  by  adjusting  the 
basic  velocity  from  Figure  6-2  for  the  effects  of  depth,  alignment, 
bank  slope,  frequency  of  occurrence  of  design  flow,  and  for  the  density 
of  the  boundary  soil  materials. 


Design  Procedure  for  Allowable  Velocity  Approach 


The  use  of  the  allowable  velocity  approach  in  checking  the  stability  of 
earth  channels  involves  the  following  steps: 


1.  Determine  the  hydraulics  of  the  system.  This  includes  hydrologic 
determinations  as  well  as  the  stage-discharge  relationships  for  the 
channel  considered.  The  procedures  to  be  used  in  this  step  are 
included  in  Chapter  4 and  Chapter  5 of  this  Technical  Release. 


2.  Determine  the  properties  of  the  earth  materials  forming  the  banks  and 
bed  of  the  design  reach  and  of  the  channel  upstream. 


3.  Determine  sediment  yield  to  reach  and  calculate  sediment  concentration 
for  design  flow. 


4.  Check  to  see  if  the  allowable  velocity  procedure  is  applicable.  Use 
Figure  6-1. 

5.  Compare  the  design  velocities  with  the  allowable  velocities  from 
Figure  6-2  for  the  materials  forming  the  channel  boundary. 

6.  If  the  allowable  velocities  are  less  than  design  velocities,  it  may  be 
necessary  to  consider  a mobile  boundary  condition  and  evaluate  the  channel 
using  appropriate  sediment  transport  theory. 


Examples  of  Allowable  Velocity  Approach 


Example  6-1 

Given:  A channel  is  to  be  constructed  to  convey  the  flow  from  a 2 percent 

chance  flood  through  an  intensively  cultivated  area.  The  hydraulics  of  the 
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system  indicate  that  a trapezoidal  channel  with  2:1  side  slopes  and  a 
40  foot  bottom  width  will  carry  the  design  flow  at  a depth  of  8.7  feet 
and  a velocity  of  5.45  fps.  Soil  investigations  reveal  that  the  channel 
will  be  excavated  in  a moderately  rounded  clean  sandy  gravel  with  a D75 
size  of  2.25  inches.  Sampling  of  soils  in  the  drainage  area  and  estimate 
of  erosion  and  sediment  yield  indicate  that  on  an  average  annual  basis 
approximately  1000  tons  of  sediment  finer  than  1.0  mm.  and  20  tons  of 
material  coarser  than  1.0  mm  are  available  for  transport  in  channel.  The 
amount  of  abrasion  resulting  from  the  transporting  of  this  small  amount  of 
sediment  coarser  than  1.0  mm.  is  considered  insignificant.  Sediment  trans- 
port computations  indicate  all  of  the  sediment  supplied  to  the  channel  will 
be  transported  through  the  reach.  The  sediment  transport  and  hydrologic 
evaluations  indicate  the  design  flow  will  transport  the  available  sediment 
at  a concentration  of  about  500  ppm.  The  channel  is  straight  except  for 
one  curve  with  a radius  of  600  feet. 

Determine : 

1.  The  allowable  velocity, 

2.  The  stability  of  the  reach. 

Solution:  Determine  basic  velocity  from  Figure  6-2,  sediment  free  curve 

because  sediment  concentration  of  500  ppm  is  less  than  1,000  ppm. 


Vb  = 6.7  fps 


Depth  correction  factor,  D = 1.22  (from  Figure  6-2) 


Bank  slope  correction,  B = 0.72  (from  Figure  6-2) 


Alignment  correction  A 


water  surface  width 


curve  radius 


A = 0.89  (from  Figure  6-2) 


Density  correction,  C£,  does  not  apply 


Frequency  correction,  F,  does  not  apply 


V 


a 


VbDB  = (6.7) (1.22) (0.72) 


straight  reaches 


= 5.88  fps 


Va  “ VbDBA  - (6 . 7) (1 . 22) (0 . 72)  (0 . 89)  curved  reach 


= 5.24  fps 


The  proposed  design  velocity  of  5.45  fps  is  less  than  Va  = 5.88  fps  in  the 
straight  reaches  but  greater  than  = 5.24  fps  in  the  curved  reaches. 

Either  the  channel  alignment  or  geometry  needs  to  be  altered  or  the  curve 
needs  structural  protection. 

Example  6-2 

Given:  A channel  is  to  be  constructed  to  convey  the  flow  from  a 2 percent 
chance  flood  through  an  intensively  cultivated  area.  The  hydraulics  of  the 
system  indicate  that  a trapezoidal  channel  with  2:1  side  slopes  and  a 40 
foot  bottom  width  will  carry  the  design  flow  at  a depth  of  8.7  feet  and  a 
velocity  of  5.45  fps.  The  channel  is  to  be  excavated  into  a silty  clay  CL 
soil  with  a Plasticity  Index  of  18,  a dry  density  of  92  pcf,  and  a specific 
gravity  of  2.71.  Sediment  transport  evaluations  indicate  the  design  flow 
will  have  a fairly  stable  sediment  concentration  of  about  500  ppm.  with 
essentially  no  bed  material  load  larger  than  1.0  mm.  The  channel  is  straight 
except  for  one  curve  with  a radius  of  600  feet.  The  10  percent  chance  flood 
results  in  a depth  of  flow  of  7.4  feet  and  a velocity  of  4.93  fps. 

Determine : 

1.  The  allowable  velocity,  Va 

2.  The  stability  of  the  reach. 

Solution:  Sediment  concentration  of  500  ppm  is  less  than  1,000  ppm 

therefore  it  is  classed  as  sediment  free  flow. 

= 3.7  fps  (from  Figure  6-2) 

for  the  2 percent  chance  flood 


Depth  correction,  D = 1.22  (from  Figure  6-2) 


Density  correction,  compute  e. 


e = G 


— - 1 
^d 


(2.71) (62.4) 


1 = 0.83 


92 


Ce  = 1.0  (from  Figure  6-2) 


Frequency  correction,  F = 1.5  (from  Figure  6-2) 


Alignment  correction  A 


water  surface  width 


Curve  radius 


A = 0.89 


(from  Figure  6-2) 
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Va  = VbDCeF  Straight  reach 

Va  = (3.7) (1.22) (1.0) (1.5)  = 6.77  fps 

Va  = V^DCgFA  Curved  reach 

Va  = (3.7)(1.22)(1.0)(1.5)(0.89)  = 6.03  fps 

The  design  velocity  is  less  than  the  allowable  velocity  for  the  2 percent 
chance  flow.  Check  the  10  percent  chance  flow  velocity  with  no  frequency 
correction  against  the  allowable  velocity  for  the  10  percent  chance  flow. 

Va  = V^DCg  Straight  reaches 

Va  = (3 . 7) (1 .19) (1 . 0)  = 4.40  fps 

Va  = V^DCgA  Curved  reaches 

Va  = (3.7) (1.19) (1.0) (0.90)  = 3.96  fps 

The  allowable  velocity  with  no  frequency  correction  is  exceeded  by  the 
10  percent  chance  flow  velocity.  An  evaluation  should  be  made  to  estimate 
the  magnitude  of  scour  or  possible  depth  of  scour  before  an  armor  is  formed 
CSee  page  6-30) . Using  this  procedure  in  conjunction  with  the  appropriate 
sediment  transport  equations,  the  magnitude  of  instability  can  be  evaluated. 
Channel  alignment,  slope,  or  geometry  must  be  altered  or  the  channel  must 
be  protected. 

Example  6-3 

Given:  The  same  conditions  as  in  Example  6-1  except  that  the  suspended 

sediment  concentration  is  30,000  ppm. 

Determine : 

1.  The  allowable  velocity,  Va 

2.  The  stability  of  the  reach. 

Solution:  The  suspended  sediment  concentration  of  30,000  ppm  is  greater 

than  20,000  ppm. 

Therefore  it  is  classed  as  sediment  laden  flow. 

Vb  = 9.0  fps  (from  Figure  6-2) 

Depth  correction  factor  D = 1.22  (From  Figure  6-2) 

Bank  Slope  correction  factor  B = 0.72  (From  Figure  6-2) 
Alignment  correction  factor  A = 0.89  (From  Figure  6-2) 

Density  correction  factor,  Ce  does  not  apply 
Frequency  correction  factor  F,  does  not  apply 


6-10 


Va  - V^DB  = (9.0) (1.22) (0.72)  = 7.91  fps  for  straight  reaches 

Va  = V^DBA  = (9.0) (1.22) (0.72) (0.89)  = 7.04  fps  for  the  curved  reach 


The  proposed  design  velocity  of  5.45  fps  is  less  than  Va  = 7.91  fps,  straight 
reaches  and  Va  = 7.04  fps  in  the  curved  reaches.  This  reach  of  channel  is 
considered  to  be  stable  relative  to  scour.  Use  sediment  transport  equations  to 
determine  the  possibility  of  channel  aggradation. 


Example  6-4 
Given: 

1.  Trapezoidal  channel  to  convey  the  50  percent  chance  flood  at  bank  full 
flow. 

2.  The  10-year  peak  discharge  exceeds  the  2-year  peak  by  30  percent;  the 
10-year  flow  for  as-build  conditions  exceeds  bank  full  capacity. 

3.  From  design  hydraulic  calculations: 

Bottom  Width  - 30  ft. 

Flow  Depth  = 9.0  ft.  (bank  full) 

Side  Slopes  ■ 2:1 

n (aged  condition)  = 0.030 

n (as-built  condition)  = 0.025 

Velocity  (aged  condition)  = 3.3  fps  (bank  full) 

4.  Sharpest  Curve  = 350  ft.  radius. 

5.  Estimated  sediment  concentration  at  design  discharge  = 2000  ppm. 

6.  Two  layers  of  soil  material  are  to  be  evaluated  for  stability.  The 
upper  layer  is  classified  CL;  the  plasticity  index  is  15  and  the 
void  ratio  is  0.9.  The  lower  layer  is  classified  as  a GM  with  a 
D75  particle  size  of  10  mm. 

Determine : 

1.  The  allowable  velocity  for  the  CL  and  GM  materials. 

2.  The  stability  of  the  channel. 

Solution: 

1.  CL  Layer 

From  Figure  6-2  for  coherent  particles,  the  allowable  velocity  = 

(basic  velocity)DAFCe 
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Basic  velocity  for  sediment  laden  flow  (20,000  ppm)  = 4.75  fps. 

Basic  velocity  for  sediment  free  flow  (1000  ppm)  = 3.25  fps. 

Basic  velocity  for  2000  ppm  sediment  concentration  (by  linear 
interpolation)  = 3.33  fps. 

Computations  for  correction  factor  A for  sharpest  curve: 

Curve  radius _ 350  - 5 3 

Water  surface  width  66 


Correction  factor  F = 1.0 
Correction  factor  A = 0.75 
Correction  factor  D = 1.23 
Correction  factor  C0  = 0.97 

Allowable  velocity  for  straight  channel  = Va  = V.  DAFCe 
Va  = (3.33) (1.23)(1.0) (1.0) (0.97)  = 3.97  fps 

This  is  greater  than  the  3.3  fps  design  value  and  the 
channel  is  stable  for  this  condition. 

Allowable  velocity  for  sharpest  curve  = Va  = V^DAFC 
Va  = (3.33)(1.23)(0.75)(1.0)(0.97)  = 2.98  fps 

This  is  less  than  the  3.3  fps  design  value  and  the 
channel  is  not  stable  for  the  sharpest  curve. 

1 

2 . GM  Layer 

From  Figure  6-2,  the  allowable  velocity  is  Va  = (V^)  DAB 
for  sediment  laden  flow  (20,000  ppm)  = 5.3  ft /sec 
Vb  for  sediment  free  flow  (1,000  ppm)  = 3.4  ft/sec 

V for  2000  ppm  sediment  concentration  (by  linear  interpolation)  = 
3.5  ft/sec 


Correction  factor  A = 0.75  (R  = 350') 
Correction  factor  D = 1.23 
Correction  factor  B = 0.71 

Allowable  velocity  for  straight  channel 

Va  = VbDAB  = (3.5)(1.23)(1.0)(0.71)  = 3.06  fps 


Allowable  velocity  for  sharpest  curve 

Va  = Vb  DAB  = (3.5)(1.25)(0.75)(0.71)  = 2.29  fps 


Summary : 

The  upper  layer  (CL)  is  stable  for  the  straight  sections  and  unstable 
for  curve  with  a radius  of  350  ft. 

The  lower  layer  (GM)  is  unstable  for  both  the  straight  and  curved 
sections. 

This  condition  may  need  additional  evaluation  using  the  appropriate  sediment 
transport  equations. 


Tractive  Stress  Approach 


General 


The  tractive  force  is  the  tangential  pull  of  flowing  water  on  the  wetted 
channel  boundary;  it  is  equal  to  the  total  friction  force  that  resists 
flow  but  acts  in  the  opposite  direction.  Tractive  stress  is  the  tractive 
force  per  unit  area  of  the  boundary.  The  tractive  force  is  expressed  in 
units  of  pounds,  while  tractive  stress  is  expressed  in  units  of  pounds  per 
square  foot.  The  tractive  force  in  a prismatic  channel  reach  is  equal  to 
the  weight  of  the  fluid  prism  multiplied  by  the  energy  gradient. 

The  tractive  stress  approach  to  channel  stability  analysis  provides  a 
method  to  evaluate  the  stress  at  the  interface  between  flowing  water 
and  the  materials  in  the  channel  boundary. 

The  method  for  obtaining  the  design  or  actual  tractive  stress  acting  on 
the  bed  or  sides  of  a channel  and  the  allowable  tractive  stress  depends 
on  the  Dy5  size  of  the  materials  involved.  When  coarse  grained  discrete 
particle  soils  are  involved  Lane's^-'  method  is  used.  When  fine  grained 
soils  are  involved,  a method  derived  from  the  work  of  Keulegan  and  modified 
by  Einstein^-  , and  Vanoni  and  Brooks^-'  is  used.  The  separation  size  for 
this  determination  is  Dy5  =1/4  inch. 

Coarse-grained  Discrete  Particle  Soils  - Dy5  > 1/4  inch  - Lane's  Method 


A.  Determination  of  Actual  Tractive  Stress 


1.  Actual  tractive  stress  in  an  infinitely  wide  channel. 


Generally,  Manning's  roughness  coefficient  n reflects  the  overall 

impedence  to  flow  including  grain  roughness,  form  roughness,  vegeta- 

tion, curved  alignment,  etc.  Lane's^'  work  showed  that  for  soils 

with  a Dy5  size  between  0.25"  (6.35mm)  and  5.0"  (127mm)  the  value 

of  Manning's  coefficient  n resulting  from  the  roughness  of  the  soil 
particles  is  determined  by: 


D  *  1 * * * */6 
/ 5 


n.  = 


with  Dy5  expressed  in  inches  (Eq.  6-2) 


39 
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The  value  of  nt  determined  by  equation  6-2  represents  the 
retardance  to  flow  caused  by  roughness  of  the  soil  grains. 

Use  nt  from  equation  6-2  as  a first  step  in  the  procedure  in 
NEH,  Section  5,  Supplement  B to  determine  the  total  value  of 
Manning's  coefficient.  The  value  of  nt  from  equation  6-2  can 
be  used  next  in  equation  6-3  to  compute  s^,  the  friction  gradient 
associated  with  the  particular  boundary  material  being  considered. 


where  the  terms  are  as  defined  in  the  glossary. 

2.  Distribution  of  the  tractive  stress  along  the  channel  perimeter: 

In  open  channels  the  tractive  stresses  are  not  distributed 
uniformly  along  the  perimeter.  Laboratory  experiments  and 
field  observations  have  indicated  that  in  trapezoidal  channels 
the  stresses  are  very  small  near  the  water  surface  and  near 
the  corners  of  the  channel  and  assume  their  maximum  value  near 
the  center  of  the  bed.  The  maximum  value  on  the  banks  occurs 
near  the  lower  third  point. 

Figure  6-3  and  6-4  give  the  maximum  tractive  stresses  in  a 
trapezoidal  channel  in  relation  to  the  tractive  stress  in 
an  infinitely  wide  channel  having  the  same  depth  of  flow  and 
value  of  st. 

3.  Tractive  stresses  on  curved  reaches: 

Curves  in  channels  cause  the  maximum  tractive  stresses  to  increase 
above  those  in  straight  channels.  The  maximum  tractive  stresses 
in  a channel  with  a single  curve  occur  on  the  inside  bank  in  the 
upstream  portion  of  the  curve  and  near  the  outer  bank  downstream 
from  the  curve.  Compounding  of  curves  in  a channel  complicates 
the  flow  pattern  and  causes  a compounding  of  the  maximum  tractive 
stresses . 

Figure  6-5  gives  values  of  maximum  tractive  stresses  based  on 
judgment  coupled  with  very  limited  experimental  data.  It  does 
not  show  the  effect  of  depth  of  flow  and  length  of  curve  and 
its  use  is  only  justified  until  more  accurate  information  is 
obtained.  Figure  6-6  with  a similar  degree  of  accuracy,  gives 


(Eq.  6-3) 


The  tractive  stress  acting  on  the  soil  grains  in  an  infinitely 
wide  channel  is  found  by: 


(Eq.  6-4) 
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HYDRAULICS:  Channel  stability;  actual  maximum  tractive  stress,  , on  bed 
of  straight  trapezoidal  channels 
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FIGURE  6-3 
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HYDRAULICS:  Channel  stability;  actual  maximum  tractive  stress,  Ts , on 
sides  of  straight  trapezoidal  channels 


REFERENCE 
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FIGURE  6-4 
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6-16 


6-17, 


HYDRAULICS:  Channel  stability;  actual  maximum  tractive  stresses  Ybt  and  Yst? 
on  bed  and  sides  of  trapezoidal  channels  in  straight  reaches  immediately 
downstream  from  curved  reaches 
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FIGURE  6-6 
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the  maximum  tractive  stresses  at  various  distances  downstream  from 
the  curve. 


B.  Allowable  Tractive  Stress 


The  allowable  tractive  stress  for  channel  beds,  x , , composed  of  soil 
particles  with  discrete,  single  grain  behavior  witn  a given  D75  is: 


T 

Lb 


0.4  D 


75 


When  0.25  in.  < D75  < 5.0  in. 


(Eq.  6-5) 


The  allowable  tractive  stress  for  channel  sides  tt  is  less  than  that  of 

the  same  material  in  the  bed  of  the  channel  because  the  gravity  force 

aids  the  tractive  stress  in  moving  the  materials.  The  allowable  tractive 

stress  for  channel  sides  composed  of  soil  particles  behaving  as  discrete 

single  grain  materials,  considering  the  effect  of  the  side  slope  z and 

the  angle  of  repose  <p  with  the  horizontal  is 

R 


x = 0.4  K D_  ....  0.25  in.  < D_r  < 5.0  in.  (Eq.  6-6) 
Ls  75  75 


K 


I z 2 - cot2 

V 1 + z2 


(Eq.  6-7) 


Figure  6-7  gives  an  evaluation  of  the  angles  of  repose  corresponding 
to  the  degree  of  angularity  of  the  material.  Figure  6-8  gives  values 
of  K from  equation  6-7. 

When  the  unit  weight  yg  of  the  constituents  of  the  material  having  a 
grain  size  larger  than  the  D75  size  is  significantly  different  than 
160  lb/ft3,  the  limiting  tractive  stress  and  t^s  as  given  by 

equations  (6-5)  and  (6-6)  should  be  multiplied  by  the  factor. 

Ys  ~ Yw 

T = 9776  (Eq*  6~8) 


Fine  drained  Soils  - P7c;  < 1/4  inch 
A.  Determination  of  Actual  Tractive  Stress 


1.  Reference  tractive  stress 


The  expression  for  the  reference  tractive  stress  is 


t = y R s 
'w  t e 


(Eq.  6-9) 
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HYDRAULICS:  Channel  stability-  angle  of  respose, <£R,  for  non-cohesive 

materials 
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HYDRAULICS:  Channel  stability;  limiting  tractive  stress  Tis  for  sides  of 

trapezoidal  channels  having  non-cohesive  materials 
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In  a given  situation  y and  se  are  known  so  that  the  only  unknown 
is  Rt . The  value  of  Rt  can  be  determined  from  the  logarithmic  . 

frictional  formula  developed  by  Keulegan  and  modified  by  Einstein.— 


V 


s 


e 


Rf  x 

5.75  log  (12.27  — ^ ) 


(Eq.  6-10) 


ks  is  the  Dg 5 size  in  ft. 


The  factor  x in  equation  6-10  describes  the  effect  on  the  frictional 
resistance  of  the  ratio  of  the  characteristic  roughness  length  ks 
to  the  thickness  of  the  laminar  sublayer  6.  This  thickness  is 
determined  from  the  equation 


6 


11.6  v 


•/  g R 


t 


s 

e 


(Eq.  6-11) 


A relationship  between  x and  ks/6  has  been  developed  empirically 
by  Einstein—-^  and  represented  by  a curve.  With  the  help  of  this 
curve  and  equations  6-10  and  6-11  the  value  of  Rt  can  be  determined 
provided  that  V,  se,  ks  and  the  temperature  of  the  water  are  known. 
The  computational  solution  for  Rt  follows  an  iterative  procedure 
which  is  rather  involved.  A simpler  graphical  solution  has  been 
developed  by  Vanoni  and  Brooks^-'  and  the  basic  family  of  curves 
that  constitute  it,  is  shown  in  Figure  6-9.  Figure  6-10  shows 
the  extension  of  the  curves  outside  the  region  covered  in  the 
original  publication. 

Figure  6-11  gives  curves  from  which  values  of  density  p and  kine- 
matic viscosity  of  the  water  v can  be  obtained. 

The  computation  of  reference  tractive  stress  (x)  is  facilitated 
by  following  the  procedure  on  page  6-28. 

2.  Distribution  of  the  tractive  stress  along  the  channel  perimeter: 

In  open  channels  the  tractive  stresses  are  not  distributed  uniformly 
along  the  perimeter.  Laboratory  experiments  and  field  observations 
have  indicated  that  in  trapezoidal  channels  the  stresses  are  very 
small  near  the  water  surface  and  near  the  corners  of  the  channel 
and  assume  their  maximum  value  near  the  center  of  the  bed.  The 
maximum  value  on  the  banks  occurs  near  the  lower  third  point. 

The  graphs  in  Figures  6-12  and  6-13  may  be  used  to  evaluate 
maximum  stress  values  on  the  banks  and  the  bed  respectively. 

These  figures  are  to  be  used  along  with  t,  the  reference  tractive 
stress,  to  obtain  values  for  the  maximum  tractive  stress  on  the 
sides  and  bed  of  trapezoidal  channels  in  fine  grained  soils. 
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FIGURE  6-10 


KINEMATIC  VISCOSITY  ( v ) ft /sec 
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FIGURE  6*12  ••  Applied  Maximum  Tractive  Stresses,  rs, 
On  Sides  Of  Straight  Trapezoidal  Channels. 


FIGURE  6-13  *•  Applied  Maximum  Tractive  Stresses,  rb  , 
On  Bed  Of  Straight  Trapezoidal  Channels. 


Curves  reproduced  from  " Tentative  Design  Procedure  for  Riprap -Lined 
Channels  " National  Cooperative  Highway  Research  Program . Report  No.  108. 


Allowable  Tractive  Force  (lbs. /ft4) 
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3.  Tractive  stresses  in  curved  reaches: 

Figures  6-5  and  6-6  used  to  determine  the  maximum  tractive  stresses 
in  curved  reaches  for  coarse  grained  soils  may  also  be  used  to 
obtain  these  values  for  fine  grained  soils.  The  values  for  the 
maximum  tractive  stresses  on  the  beds  and  sides  as  determined  above 
are  used  in  conjunction  with  these  charts  to  obtain  values  for 
curved  reaches . 

B.  Allowable  Tractive  Stresses  - Fine  grained  soils 

The  stability  of  channels  in  fine  grained  soils  (Dyg  <0.25")  may  be 
checked  using  the  curves  in  Figure  6-14.  These  curves  were  developed 
by  LaneiL-./ . The  curves  relate  the  median  grain  size  of  the  soils  to 
the  allowable  tractive  stress.  Curve  1 is  to  be  used  when  the  stream 
under  consideration  carries  a load  of  20,000  ppm  by  weight  or  more  of 
fine  suspended  sediment.  Curve  2 is  to  be  used  for  streams  carrying 
up  to  2,000  ppm  by  weight  of  fine  suspended  sediment.  Curve  3 is  for 
sediment  free  flows  (less  than  1,000  ppm). 

When  the  value  of  D5q  for  fine  grained  soils  is  greater  than  5 mm  use 
the  allowable  tractive  stress  values  shown  on  the  chart  for  5 mm. 

For  values  of  less  than  those  shown  on  the  chart  (0.1mm)  use 

the  allowable  tractive  stress  values  for  0.1  mm.  However,  if  this 
is  done  0.1  mm  should  be  used  as  the  Dg5  size  in  obtaining  the 
reference  tractive  stress. 

Procedures  - Tractive  Stress  Approach 

The  use  of  tractive  stress  to  check  the  ability  of  earth  channels  to 
resist  erosive  stresses  involves  the  following  steps: 

1.  Determine  the  hydraulics  of  the  channel.  This  includes  hydrologic 
determinations  as  well  as  the  stage-discharge  relationships  for 
the  channel  being  considered.  The  procedures  to  be  used  in  making 
these  determinations  are  included  in  Chapter  4 and  Chapter  5 of 
this  Technical  Release. 

2 . Determine  sediment  yield  to  reach  and  calculate  sediment 
concentration  for  design  flow. 

3.  Determine  the  character  of  the  earth  materials  in  the  boundary  of 
the  channel. 

4.  Check  to  see  if  the  tractive  stress  approach  is  applicable. 

Use  Figure  6-1. 
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5.  Compute  the  tractive  stresses  exerted  by  the  flowing  water  on  the  t| 

boundary  of  the  channel  being  studied.  Use  the  proper  procedure  as 
established  by  the  D75  size  of  the  materials. 

6.  Check  the  ability  of  the  soil  materials  forming  the  channel  to  resist 
the  computed  tractive  stresses. 

The  computation  for  the  reference  tractive  stress  for  fine  grained  soils 
is  facilitated  by  using  the  following  procedure: 

1.  Determine  se  and  V:  Evaluate  Manning’s  n by  the  method  described 

in  NEH-5,  Supplement  B. 

2.  Enter  the  graphs  in  Figure  6-11  with  the  value  of  temperature  in 

°F  and  read  the  density  p and  the  kinematic  viscosity  of  the  water  v. 

tt3 

3.  Compute  — 

gvse 

4.  Compute 


Enter  the  graph  in  Figure  6-9  (or  Figure  6-10)  with  the  computed  values 
in  steps  2 and  3 above  and  read  the  value  of  Y . 

/ t/p 

Compute  x from  — — , V and  p 

/ x/p 

V2p 

T = - - - - ■ 

(V/A/p  )2 

where  the  terms  are  defined  in  the  glossary. 

Examples  - Tractive  Stress  Approach 

Example  6-5 

Given:  A channel  is  to  be  constructed  through  an  area  of  intense  cultivation. 

The  bottom  width  of  the  trapezoidal  channel  is  18  feet  with  side  slopes  of 
1 1/2:1.  The  design  flow  is  262  cfs  at  a depth  of  3.5  feet  and  a velocity 
of  3.23  fps.  The  slope  of  the  energy  grade  line  is  0.0026.  There  is  one 
curve  in  the  reach,  with  a radius  of  150  feet.  The  aged  n value  is  estimated 
to  be  0.045.  The  channel  will  be  excavated  in  a GM  soil  that  is  nonplastic, 
with  D75  = 0.90  inches  (22.9  mm).  The  gravel  is  very  angular. 


5. 


6 . 


V 
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Determine:  The  actual  and  allowable  tractive  stress. 

Solution:  Since  D75  > 1/4  inch  use  the  Lane  method. 

nt  = (0.90)l/6/39  = 0.0252  (from  Eq.  6-2) 

From  equation  6-3:  Sj.  = (n^./n)^  se  = (0.0252/0.045)^  0.0026  = 0.00082 

actual  x = y ds  = (62 . 4) (3 . 5) (0. 00082)  = 0.179  psf 

oo  w t 

b/d  (ratio  of  bottom  width  to  depth)  = 18/3.5  = 5.14 

from  Figure  6-3  and  6-4  x /x  = 0.76;  x./x  = 0.98 

Rc/b  (radius  of  curve/bottom  width)  = 150/18  = 8.33 

x /x,  = x /x  = 1.17  (Figure  6-5) 
be  b sc  s 

Actual  xb  = (0.179) (0.98)  = 0.175  psf; 

actual  xg  = (0. 179) (0. 76)  = 0.136  psf 

Actual  xbc  = (0.175) (1.17)  = 0.205  psf; 

actual  x = (0.136) (1.17)  = 0.159  psf 
sc 

Solving  for  allowable  tractive  stress  - 

<j>  = 38.4°  (From  Figure  6-7)  K = 0.45  (From  Figure  6-8) 

R 

allowable:  xT , = (0.4)(D  ) = (0.4)(0.90)  = 0.36 

■L't)  7 5 

allowable:  x = 0.4  KD7,  = (0. 4) (0. 45) (0. 90)  = 0.162 

Ls  ' D 

Comparing  actual  with  allowable,  the  channel  will  be  stable  in 
straight  and  curved  sections. 

Example  6-6 

Given:  A channel  is  to  be  constructed  through  an  area  of  intense 

cultivation.  Bottom  width  of  the  trapezoidal  section  is  18  feet,  side 
slopes  are  1-1/2:1.  Design  flow  is  262  cfs,  with  a depth  of  3.5  feet 
at  a velocity  of  3.23  fps.  Slope  of  the  hydraulic  grade  line  is  0.0026. 
The  design  temperature  is  50°  F.  The  channel  will  be  cut  in  nonplastic 
SM  soil,  with  a D75  size  of  0.035  inches,  a D65  size  of  0.01075  inches 
(0.273  mm)  and  a D5Q  of  0.127  mm.  The  n value  for  the  channel  is  0.045. 
There  are  no  curves  in  the  reach.  Sediment  load  is  quite  light  in  this 
locality,  in  the  range  of  clear  water  criteria. 

Determine:  The  actual  tractive  stress  and  the  allowable  tractive  stress. 

Solution:  Since  the  D75  size  is  less  than  1/4  inch  use  the  reference 

tractive  stress  method. 
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v = 1.42  x 10  5 ft2/ sec . , p = 1.940  lb  sec2/ft4  (Figure  6-11) 

V3/gvse  = 3 . 233/ ( (32 . 2) (1.42  x 10"5) (0. 0026) ) = 2.83  x 107 

V//  gk  s = 3.23//  (32.2) (0.01075/12) (0.0026)  = 373 

s e 

V//  t/p  = 21.6  (From  Figure  6-9) 

t = V2  p/(V//  i/p  )2  = (3 . 232)  1. 94/(21. 6)2  = 0.0434  psf 

b/d  (ratio  of  bottom  width  to  depth)  = 18/3.5  = 5.14 

x /x  - 1.0;  t,  / t = 1.31  (from  Figure  6-12  and  6-13) 
s b 

Actual  Tractive  Stresses: 

t g = (0.0434) (1.0)  = 0.0434  psf;  = (0 . 0434) (1 . 31)  = 0.0569  psf 
Allowable  Tractive  Stresses: 

D50  = 0.127  mm;  from  Figure  6-14  and  assuming  clear  water  flow 
(curve  No.  3)  the  allowable  tractive  force  is  0.025  psf.  Both 
the  bed  and  the  banks  of  the  channel  are  unstable.  An  evaluation 
should  be  made  to  estimate  the  magnitude  of  scour  or  possible  depth 
of  scour  before  an  armor  is  formed  (Refer  to  next  section) . Using 
this  procedure  in  conjunction  with  the  appropriate  sediment  transport 
equations,  the  magnitude  of  instability  can  be  evaluated. 


Formation  of  Bed  Armor  in  Coarse  Material 


In  material  where  the  coarsest  fraction  consists  of  gravel  or  cobbles  an 
armoring  of  the  bed  commonly  develops  if  the  allowable  tractive  stress  is 
exceeded  and  scour  occurs.  The  depth  at  which  this  armor  will  form  may  be 
evaluated  if  it  is  determined  that  some  deterioration  of  the  channel  can 
be  permitted  before  stability  is  reached.  The  DgQ  - Dg5  size  of  a repre- 
sentative sample  of  bed  material  is  frequently  found  to  be  the  size  paving 
channels  when  scouring  stops.  Finer  sizes,  such  as  the  D75  may  form  the 
armor,  once  the  finer  material  is  eroded.  On  the  other  hand,  the  coarsest 
particles  may  not  be  sufficiently  large  to  prevent  scour.  The  Dg5  size  is 
considered  to  be  about  the  maximum  for  pavement  formation  within  practical 
limits  of  planning  and  design. 

The  following  procedure  may  be  used  for  determining  depth  of  scour  to 
armor  formation. 

The  actual  tractive  stress  under  design  hydraulic  conditions  is  computed 
in  accord  with  equation  6-5.  By  rearranging  this  equation 


D 


0.4 


, where  D is  the  limiting  size 
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For  example 

= 0.6  psf 
0 6 

Then  D = — = 1.5  inches. 

0.4 

Reading  from  the  size  distribution  curve  of  a representative  bed  sample, 
it  is  determined  that  1.5  inches  is  the  Dgg  size.  With  armor  customarily 
forming  as  a single  layer,  the  depth  of  scour  to  formation  of  a Dgg  size 
armor  is  equal  to  the  Dgg  size  in  inches  divided  by  the  percentage  of 
material  equal  to  or  larger  than  the  armor  size.  For  this  case 
1.5  *0.10  = 15  inches  (1.25  ft.)  depth  to  armor  formation. 

Armoring  of  the  bed  will  not  usually  develop  initially  as  a flat  bed 
across  the  channel.  After  forming  an  armor  along  the  thalweg,  bars  of 
finer  material  will  next  be  removed,  followed  by  an  increasing  attack 
on  the  banks. 

Tractive  Power  Approach 

General 

In  general  the  observations,  assumptions,  and  computational  methods  used 
in  the  development  and  use  of  the  allowable  velocities  and  the  tractive 
stress  methods  of  analysis  are  based  on  correlating  a soils  erosion 
resistance  with  simple  index  properties  determined  on  disturbed  samples. 
These  methods  at  their  present  state  of  development  do  not  assess  the 
effects  of  cementation,  partial  lithif ication,  dispersion,  and  related 
geologic  processes  on  the  erosional  resistance  of  earth  materials. 

This  limitation  has  been  recognized  for  many  years.  In  the  early  1960’s, 
efforts  were  made  by  SCS  in  the  Western  states  to  evaluate  the  stability 
of  channels  in  cemented  and  partially  lithified  soils.  The  procedures 
resulting  from  this  effort  have  come  to  be  known  as  the  Tractive  Power 
Approach. 

In  this  approach  the  aggregate  stability  of  saturated  soils  is  assessed 
by  use  of  the  unconfined  compression  test.  Field  observations  of  several 
channels  were  evaluated  against  the  unconfined  compressive  strength  of 
soil  samples  taken  from  the  same  channels.  The  results  are  shown  on 
Figure  6-15.  Soils  in  channels  with  unconfined  compressive  strength 
versus  tractive  power  that  plot  above  and  to  the  left  of  the  S-line  on 
Figure  6-15  have  questionable  resistance  to  erosion.  Soils  in  channels 
with  unconfined  compression  strength  versus  tractive  power  that  plot  below 
and  to  the  right  of  the  S-line  can  be  expected  to  effectively  resist  the 
erosive  efforts  of  the  stream  flow. 


TRACTIVE  POWER  (lbs.  /ft.  sec.) 
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0.03 


5,000 


UNCONFINED  COMPRESSIVE  STRENGTH  ( Ibs./sq.  ft.) 


Figure  6-15 

Unconfined  Compressive  Strength  And  Tractive 
Power  As  Related  To  Channel  Stability 
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Tractive  power  is  defined  as  the  product  of  mean  velocity  and  tractive 
stress.  Use  the  appropriate  method  based  on  soil  characteristics  as 
described  in  the  tractive  force  procedure  to  calculate  the  tractive 
stress . 

Procedure  - Tractive  Power  Approach 

The  use  of  tractive  power  to  evaluate  earth  channel  stability  involves 
the  following  steps: 

1.  Determine  the  hydraulics  of  the  channel.  This  includes  hydrologic 
determinations  as  well  as  the  stage-discharge  relationships  for  the 
channel  being  considered.  The  procedures  to  be  used  in  making  these 
determinations  are  included  in  chapters  4 and  5 of  this  Technical 
Release. 

2.  Evaluate  the  sediment  transport  carrying  capacity  in  the  design  reach 
to  (a)  determine  the  sediment  concentration  and  (b)  test  the  possi- 
bility for  aggradation. 

3.  Determine  the  physical  characteristics,  including  the  saturated 
unconfined  compressive  strength  of  the  earth  materials  in  the 
boundary  of  the  channel.  The  procedures  for  making  this  determina- 
tion are  included  in  chapter  3 of  this  Technical  Release. 

4.  Check  to  see  if  the  Tractive  Power  Approach  is  applicable.  Use 
Figure  6-1. 

5.  Compute  the  tractive  power  of  the  flows  being  evaluated.  Use  the 
mean  velocity  determined  in  step  one  and  the  procedures  in  this 
chapter  to  determine  the  tractive  stress.  Use  the  method  that  is 
appropriate  for  the  grain  size  of  the  channel  materials. 

6.  Determine  the  erosion  resistance  of  the  materials  in  the  channel 
boundary  from  Figure  6-15. 

The  following  example  illustrates  the  use  of  the  Tractive  Power  Approach 
to  evaluate  channel  stability: 

Example  6-7  - Tractive  Power  Approach 

Given:  A channel  is  to  be  constructed  for  the  drainage  of  an  area  of 

moderate  cultivation.  Its  bottom  width  is  to  be  46  feet,  side  slopes 
2— 1/2:1,  design  flow  depth  15.0  feet,  and  estimated  n value  of  0.03. 

The  channel  will  be  excavated  in  clayey  silt  (ML)  having  a Plasticity 
Index  of  3 and  a Dy^  size  of  0.15  mm,  a Dg5  size  of  0.00256  inches 
(0.065  mm),  and  an  unconfined  compressive  strength  of  790  psf.  The 
hydraulic  gradient  is  0.00042,  as  determined  by  water  surface  profile 
calculations.  There  are  no  curves  in  this  reach  of  channel.  The 
water  temperature  for  the  period  under  consideration  is  taken  as  50°F. 
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Design  flow  is  4750  cfs  at  a depth  of  13.5  feet  and  a velocity  of  3.77  fps.  ' 

Determine:  The  actual  tractive  power  and  evaluate  the  stability  of  the 

channel . 

Solution:  Since  the  D_c  < 1/4  inch  use  the  reference  tractive  stress  method, 

v = 1.42  x 10”5  ft2/sec;  p = 1.940  lb  sec2/ft4  (Figure  6-11) 

V3/gvse  = 3.77s/((32.2) (1.42  x 10"5) (0. 00042)  = 2.79  x 108 
V//  gk  s = 3.77//  (32.2) (0. 00256/12) (0. 00042)  = 2220 

S Q, 

From  Figure  6-10  V / / x / p = 27 

t = V2  p/(V//  x/p  )2  =(3.772)  1 . 940/ (27) 2 = 0.0378 

b/d  = 46/15  = 3.07;  t /t  = 1.21  (Figure  6-12) 

s 

x^/x  = 1.45  Figure  6-13 

t =(0.0378) (1.21)  = 0.0458 
s 

xb  =(0.0378) (1.45  = 0.0548 

Use  the  larger  of  or  to  compute  tractive  power. 

x,  V = (0. 0548) (3 . 77)  = 0.207  - Actual  Tractive  power 
b 

The  tractive  power  versus  unconfined  compressive  strength  plots  well  into 
the  non-erosive  zone  (Figure  6-15).  The  channel  should  be  stable  for  the 
design  conditions. 
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The  Modified  Regime  Approach 


General 


The  regime  theory  approach  to  evaluating  channel  stability  is  based  on 
observations  of  the  results  in  various  parts  of  the  world  of  natural 
processes  causing  continuous  adjustments  of  channels.  The  predictive 
equations  are  largely  empirical.  This  method  of  analysis  is  limited  to 
flow  in  alluvial  channels. 


Chiervf^  defines  an  alluvial  channel  as  one  that  contains  a bed  of  loose 
sediment  of  the  same  type  that  is  moved  along  the  bed.  Such  a channel 
bed  seldom  remains  flat  and  even.  Bars  and  ripples  are  developed  at  the 
bed  surfaces  at  low  stages.  They  become  longer  when  the  discharge  increases 
and  eventually  may  disappear  at  high  flows.  At  unusually  high  flows,  large, 
nearly  symmetrical,  sand  bars  may  appear  again,  accompanied  by  surface  waves 
in  phase  with  the  bottom  undulations.  The  sand  bars  and  ripples  represent 
another  type  of  roughness,  in  addition  to  the  roughness  of  the  grains  which 
compose  the  channel  bed.  The  problem  of  determining  the  relationship 
between  slope,  depth,  velocity,  and  boundary  roughness  is  complicated 
by  this  phenomenon  because  the  roughness  not  only  defines  the  flow,  but 
the  flow  itself  also  molds  the  roughness. 


Blench-^/  refers  to  alluvial  channels  as  those  with  mobile  boundaries. 
They  are  the  channels  that  are  capable  of  self-adjustment  and  have  formed 
their  geometric  shape  by  moving  boundary  material.  Materials  of  at  least 
part  of  the  boundary  are  moved  at  some  stage  of  flow.  They  make  at  least 
part  of  their  boundaries  from  their  transported  load,  and  part  of  their 
transported  load  comes  from  their  boundaries. 


The  equations  used  in  the  regime  approach  have  been  developed  by  studying 
statistics  obtained  by  physical  observations  of  canal  systems.  Those 
observations  included  channel  dimension  and  geometry,  and  the  discharges 
of  streams  that  were  "silt  stable,"  that  is,  canals  that  through  a 
succession  of  years  remained  free  of  excessive  sediment  deposits  and  did 
not  scour  excessively.  These  equations  empirically  correlate  the  capacity 
of  the  stream  to  transport  sediment  with  its  main  hydraulic  characteristics. 
A "silt  stable"  or  regime  stream  is  known  to  deposit  sediment  throughout 
some  stage  of  flow  and  to  scour  during  other  stages.  The  proponents  of 
the  regime  theory  approach  are  satisfied  if  the  net  result  of  deposit  and 
scour  is  zero  at  the  end  of  every  flow  cycle. 

When  nature  or  man  imposes  rigid  boundaries  in  a channel  system,  the 
natural  laws  of  alluvial  flow  are  partially  or  totally  negated.  Conse- 
quently the  regime  approach  cannot  be  used  to  analyze  rigid  boundary  channel 
systems.  However,  they  can  be  used  to  determine  channel  proportions  such 
that  the  channel  can  be  expected  to  remain  relatively  stable. 
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The  procedure  and  equations  presented  here  are  to  a large  extent  from 
Simons  and  Albertson.51 

Three  types  of  mobile  boundary  materials  encompass  most,  alluvial  channels 
encountered  in  SCS  work.  These  are:  (Note-  for  this  approach  a soil  is 

classed  as  cohesive  if  the  PI  is  greater  than  7.) 

Type  Description 

A Sand  bed  and  sand  banks 

B Sand  bed  and  cohesive  banks 

C Cohesive  bed  and  cohesive  banks 

A relationship  exists  between  sediment  load,  Froude  number,  and  channel 
stability.  The  Froude  number  is  determined  by: 


F 


V 

^ g d 


(Eq.  6-12) 


According  to  Simons  and  Albertson-51/  the  Froude  number  has  to  be  less  than 
0.3  in  type  A,  B,  or  C channels  to  avoid  excessive  scour. 


The  relationships  between  channel  geometry  and  slope  are  determined  by  the 
following  regime  equations  as  modified  by  Simons  and  Albertson: 


d 

d 

W 

W 

Equations 

channels. 


= 1.23  R (For  R from  1 to  7)  (Eq.  6-13) 

= 2.11  + 0.934  R (For  R from  7 to  12) 

= 0.9  P 

= 0.92  WT  - 2.0 

6-13,  6-14,  6-15,  and  6-16  apply  to  all  Type  A, 


(Eq.  6-14) 

(Eq.  6-15) 

(Eq.  6-16) 

B,  and  C alluvial 


Equations  6-17,  6-18,  6-19,  6-20,  and  6-21  were  derived  from  data  in  the  Simons 
and  Albertson  paper. 
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Equation  Coefficients  by  Channel  Type 

ABC 


p = 

Cl 

q 0.512 

3.30 

2.51 

2.12 

(Eq. 

6- 

-17) 

R = 

C2 

q 0.361 

0.37 

0.43 

0.51 

(Eq. 

6- 

-18) 

A = 

C3 

q 0.873 

1.22 

1.08 

1.08 

(Eq. 

6- 

-19) 

V = 

C4 

(RZs)1''3 

13.9 

16.1 

16.0 

(Eq. 

6- 

-20) 

W _ 
d 

C5 

q 0.151 

6.5 

4.3 

3.0 

(Eq. 

6- 

-21) 

where 

all 

symbols  are 

as  defined 

in  the  glos 

sary . 

These  equations  result  in  some  general  relationships,  approximate  width- 
depth  ratios  and  velocity  limitations  that  if  followed  will  result  in 
"silt  stable"  channels  under  the  conditions  described. 

Determination  of  an  acceptable  safe  slope  for  a channel  is  about  the  most 
difficult  decision  in  channel  design.  Values  of  the  slope  determined  from 
Manning's  equation  with  a reasonable  value  of  n,  cross  section  geometry 
consistent  with  the  modified  regime  equations,  and  a velocity  resulting 
in  a Froude  number  of  less  than  0.3  should  be  compared  with  the  slope 
determined  from  equation  6-20. 

Procedure  - Modified  Regime  Approach 

The  use  of  the  modified  regime  theory  to  evaluate  the  stability  of  earth 
channels  involves  the  following  steps: 

1.  Determine  the  hydraulics  of  the  system.  This  includes  hydrologic 
determinations  as  well  as  the  stage-discharge  relationships  for  the 
channel  considered.  The  procedures  to  be  used  in  this  step  are 
included  in  chapter  4 and  chapter  5 of  this  Technical  Release. 

2.  Determine  the  character  of  the  earth  materials  forming  the  banks  and 
bed  of  the  design  reach  and  the  reach  upstream. 

3.  Evaluate  the  sediment  transport  carrying  capacity  in  the  design  reach 
to  (a)  determine  the  sediment  concentration  and  (b)  test  the  possi- 
bility for  aggradation. 

4.  Check  to  see  if  the  modified  regime  approach  is  applicable. 

(Use  Figure  6-1) 

5.  Determine  the  channel  geometry  and  acceptable  safe  slope  using 
equations  6-12  through  6-20  with  the  appropriate  constants. 
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6.  Check  the  slope  determined  using  Manning’s  equation  with  a realistic 
value  of  n,  cross  section  geometry  consistent  with  that  determined 
in  step  5 and  a velocity  resulting  in  a Froude  number  of  less  than  0.3. 

Example  6-8  - Modified  Regime  Approach 

Given:  A type  B channel  to  convey  600  cfs  at  bank  full  stage.  Use  2:1 


side  slopes  and  assume  that  n = 0.022. 

Determine:  Design  the  channel. 

Solution:  Step  1 - Compute  P = 2.51Q0*^12  Eq.  6-17 

P = (2.51) (600) 0 • 5 1 2 = 66.4  ft. 

Step  2 - Compute  R = 0.43Q®*361 Eq.  6-18 

R = (0.43) (600)°* 361  = 4.33  ft. 


Step  3 - Compute  A = PR  or  use  Eq.  6-19 
A = (66.4)  (4.33)  = 288  sq.  ft. 

Step  4 - Compute  V = Q v A = 600  * 288  = 2.08  fps 
Step  5 - Compute  d - Since  R is  less  than  7 

Use  d = 1.23R  Eq.  6-13 

d = 1.23  (4.33)  = 5.3  ft. 

Step  6 - Compute  the  Froude  Number. 

F = — Eq.  6-12 

^gd 


2.08 

/ 32.2(5.3) 


0.159 


F < 0.3  - Design  meets  this  requirement  for  stability 
Step  7 - Compute  bottom  width 

W = 0.9  P Eq.  6-15 

W = 0.9(66.4)  = 59.76  ft. 

W = 0.92  WT  - 


2.0 


Eq.  6-16 
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59.76  = 0.92  W - 2.0 
T 

Wm  = 67.1  ft. 

T 

For  2:1  side  slopes- 

b = 67.1  - (4) (5.3)  = 45.9  ft. 

Use  b = 45  ft. 

Step  8 - Find  the  slope  of  the  channel  bottom  which  is 
needed  to  cause  the  channel  to  be  in  regime. 

V = C4  (R2s  W3  Eq.  6-20 

2.08  = 16.1  ( (4 . 33) 2s0) 1/3 

sQ  = 0.000114 

Step  9 - Find  the  slope  of  the  channel  which  is  needed  to 

provide  capacity  assuming  uniform  flow  and  Manning's 
equation.  Compute  AR2/3  using  the  above  values  for 
depth,  side  slope,  and  bottom  width. 

P = b + 2d  /z2+  1 = 45  + 2(5.3)  f~5~  = 68.7  ft. 

A = bd  + zd2  = 45  (5.3)  + 2(5. 3)2  = 294.7  ft.2 


294.7 

68.7 


4.29  ft. 


Ar2/3  = (294.7) (4. 29) 2/ 3 = 778 
Compute  sQ 

Q _ -Uii 6_  AR2/3  Sq1/2 


600 


1.486 

0.022 


(778) s0 1 /2 


s 


o 


0.00013 
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Step  10  - Select  slope  to  be  used. 

Since  two  values  for  the  slope  have  been  determined  it  is 
necessary  to  choose  a slope  that  falls  between  the  two  values. 

If  a slope  flatter  than  0.00013  is  selected  either  the  width  or 
depth  must  be  increased  to  provide  the  needed  capacity.  In  any 
case  the  channel  will  not  match  the  regime  relationships  exactly 
but  the  two  slope  values  are  sufficiently  close  so  that  the  design 
should  be  satisfactory.  Use  the  following  parameters: 

sQ  = 0.00013 

d = 5.3  ft. 

b = 45.0  ft. 

Equation  6-21  could  have  been  used  to  get  an  idea  of  what  a 
reasonable  width  to  depth  relationship  would  be  from  regime 
methods . 

W/d  = 4. 3Q° • 151 

W/d  = (4.3)  (600)  °* 151  = H.3 

The  same  ratio  would  be  obtained  by  dividing  the  value  for  W 
obtained  in  Step  7 by  the  depth  obtained  in  Step  5. 

W _ 59.76  „ 

T 5.3  ' 11,3 

Channel  Stability  With  Respect  to  Sediment  Transport 

A channel  transporting  sediment  during  flow  is  considered  to  be  stable  if 
the  rate  of  sediment  transport  is  such  that  the  overall  equilibrium  of  the 
channel  is  maintained.  This  requires  that  scour  and  aggradation  are  main- 
tained between  prescribed  limits.  Bedload  transport  equations  have  been 
developed  for  predicting  the  rate  of  transport  under  equilibrium  conditions. 

In  these  equations  transport  is  related  to  stream  discharge  per  foot  of 
channel  width.  A procedure  is  presented  in  this  section  for  determiningn 
relative  rates  of  scour  or  deposition  using  variations  in  mean  velocity. 

Application  of  Bedload  Transport  Equations 

A number  of  equations  have  been  developed  to  compute  rates  of  bedload  sediment 
transport.  The  more  widely  used  include  the  Einstein  Bedload  Function—', 
the  Meyer-Peter  and  Muller  formula—  , and  the  Schoklitsch29/  equations.  A 
comparison  of  the  measured  and  computed  sediment  loads  indicates  that  the 
most  reliable  involves  depth-integrated  samples  of  suspended  load  and  compu- 
tations employing  the  Einstein  bedload  function.  This  is  known  as  the 
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Modified  Einstein  Procedure^- . However,  the  field  data  required  in  use 
of  this  procedure  are  not  ordinarily  available. 

The  Einstein  bedload  function  and  the  Meyer-Peter  and  Muller  formula  for 
computing  bedload  transport  have  been  determined  to  be  about  equally 
adapted  for  this  purpose  in  the  range  from  medium-size  sand  to  gravel. 

The  equations  for  computation  of  equilibrium  bedload  transport  are  given 
in  the  references  cited. 

Sediment  Transport  in  Sand  Bed  Streams  Not  in  Equilibrium 

The  procedures  described  in  this  section  are  recommended  for  determining 
the  effect  of  channel  changes  on  stability.  They  are  based  on  research 
which  shows  that  the  rate  of  bedload  sediment  transport  is  strongly 
related  to  mean  velocity.  Figure  6-16  shows  this  relationship  for  fine 
and  medium  sand  sizes.  Factors  which  create  differences  in  mean  velocity 
from  one  reach  to  another  cause  differences  in  rates  of  bedload  transnort. 
If  the  changes  in  rates  are  substantial  in  amount  and  in  duration,  an 
unstable  condition  is  established. 

Bedload  sediment  transport  in  sand  bed  streams  with  variable  roughness. 
Numerous  studies  have  indicated  that  the  roughness  coefficient  n varies 
in  a sandbed  stream  as  the  bed  form  changes  in  response  to  the  formation 
of  ripples,  dunes  and  anti-dunes.  No  generally  accepted  method  has  been 
developed  for  predicting  what  the  n value  will  be  at  any  given  discharge 
or  velocity.  In  the  approach  used  here,  mean  velocity  is  related  to  an 
approximation  of  tractive  force  for  broad,  shallow  flow  - - the  product 
of  depth,  slope  and  unit  weight  of  water.  The  relationship  is  established 
by  adaptation  of  data  presented  by  Dawdy-^-^ . In  his  paper,  the  hydraulic 
radii  as  related  to  mean  velocity  are  shown  for  a number  of  sand  bed 
streams.  Figure  6-17  shows  a plotting  of  mean  velocity  related  to  the 
product  of  slope,  hydraulic  radius  and  unit  weight  of  water  for  five  of 
the  streams.  It  is  assumed  that  hydraulic  radii  in  these  relatively 
broad,  flat-bedded  streams  are  equivalent  to  depth  for  purposes  of  com- 
puting tractive  force  in  this  procedure.  More  data  are  needed  to  define 
the  curve  of  Figure  6-17  for  sediment  with  the  median  size  coarser  than 
0.5  mm.  Data  from  one  stream  with  a median  sand  size  of  0.8  mm.  indicates 
a deviation  from  this  curve. 

Procedure-  Channel  Stability  with  respect  to  Sediment  Transport 

The  following  procedure  may  be  used  to  determine  whether  unstable  condi- 
tions will  occur  under  projected  channel  conditions  where  variable  bed 
roughness  occurs: 
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1.  Determine  whether  a full  supply  of  bedload  will  be  introduced  into  the 
reach  by  methods  described  in  Chapter  3,  NEH  Section  3 - Chapter  4 and 
Geologic  Note  2. 

2.  Compute  mean  velocities  for  various  stages  of  flow  for  a hydrograph  or 
series  of  hydrographs  at  cross  sections  typical  of  stream  reaches  to  be 
compared.  The  recommended  method  of  determining  the  influence  of  variable 
bed  roughness  and  bank  roughness  on  mean  velocity  is  explained  in  the 
example  of  the  procedure  given  below. 

3.  Select  one  characteristic  velocity-bedload  transport  curve  from  Figure 
6-16  or  construct  a new  one  from  available  data. 

4.  Compute  rates  of  bedload  transport  for  each  reach. 

5.  Where  scour  or  aggradation  may  occur,  revise  design,  such  as  changing 
projected  channel  slope,  width  and  depth.  The  design  may  have  to  provide 
sufficient  channel  freeboard  for  low  flow  aggradation  to  insure  capacity 
during  large  flows.  Reliance  on  the  removal  of  the  low  flow  deposits 
prior  to  peaking  of  higher  flows  should  be  approached  with  caution  since 
the  sequence  of  flows  or  the  condition  of  the  channel  at  the  time  of  any 
flood  occurrence  cannot  be  predicted. 

Example  6-9 

Assume  that  a flood  detention  reservoir  will  be  built  on  a sand  bed  stream 
with  a median  size  of  bed  material  of  0.15  mm.  With  the  reservoir  installed, 
improvement  of  the  channel  two  miles  downstream  will  be  required  to  allow 
controlled  runoff  without  erosion  of  the  banks.  The  distance  from  the  dam 
to  the  beginning  of  the  reach  to  be  improved  is  great  enough  to  enable  the 
flow  to  become  fully  loaded  with  bed  material.  The  energy  gradient  in  the 
unimproved  reach  is  0.003  feet  per  foot.  The  stream  banks  are  nearly 
vertical  and  free  of  vegetation. 

Rights-of-way  limitations  show  that  a 60-foot  bottom  width  improved  channel 
meets  requirements.  It  is  proposed  to  protect  erodible  banks  with  riprap 
on  a slope  of  2—1/2 : 1 . The  energy  gradient  in  this  reach  is  computed  to  be 
0.0025. 

The  riprapped  slopes  and  the  narrower  and  lower  gradient  section  result  in 
a change  in  velocity  over  that  of  the  upstream  section.  Table  6-1  and  its 
supplement,  Table  6-2,  show  the  procedure  used  in  computing  these  velocities. 
The  formula  in  Table  6-2  was  originally  presented  by  Hortoni^'  . The  compu- 
tation of  the  values  in  each  of  the  columns  is  as  follows. 

Column  1 - Depths  are  chosen  to  provide  a range  of  flows  within  the  two 
channel  sections  up  to  the  maximum  proposed  reservoir  release  rate. 

Columns  2 and  3 (80-foot  section),  and  Columns  6 and  7 (60-foot  section) 
give  the  cross-sectional  area  at  the  specified  depths  and  side  slopes. 

These  data  were  obtained  from  hydraulic  tables  such  as  those  prepared  by 
the  Corps  of  Engineers. 
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Columns  4 and  8 are  approximations  of  tractive  force  using  the  energy 
gradients  equal  to  0.003  or  0.0025,  respectively;  depth  (column  1),  and 
the  unit  weight  of  water,  62.4  pounds  per  cubic  foot. 

Columns  5 and  9 are  obtained  from  Figure  6-17,  the  mean  velocities  being 
read  from  the  intersection  of  the  product  values  in  columns  4 and  8 
with  the  curve. 

The  remaining  calculations  determine  the  correction  of  velocity  of  the 
60-foot  section  due  to  riprap.  Velocities  that  are  attributable  to  the 
depth,  energy  gradient  and  bed  roughness  only  are  reflected  in  the 
velocities  in  Columns  5 and  9.  Column  10  shows  the  n values  related  to 
the  velocities  in  Column  9.  In  this  example  the  n for  the  velocities  in 
Column  9 were  obtained  from  the  Table  of  Values  of  nv  Corresponding  to 
Different  Values  of  R (radius)  and  s (slope)  in  Manning’s  Formula  in 
Kings  "Handbook,  of  Hydraulics . These  n values  are  used  in  the  formula 
given  at  the  head  of  Table  6~2  for  computing  roughness  of  the  improved 
channel,  accounting  for  both  riprap  and  bottom  roughness. 

The  method  of  obtaining  the  n in  Column  11,  corrected  for  roughness  due 
to  the  riprapped  side  slopes,  is  given  in  Table  6-2. 

The  corrected  mean  velocity  of  Column  12  is  determined  from  Manning’s 
formula,  using  corrected  n of  Column  11,  an  energy  gradient  of  0.0025 
and  the  appropriate  R in  Column  6. 

The  available  reservoir  storage  capacity  and  the  hydrology  of  the  site 
indicates  that  500  cfs  is  the  maximum  desired  capacity  of  the  principal 
spillway.  Figure  6-18  gives  the  design  release  rate  for  the  proposed 
reservoir.  It  is  assumed  that  there  are  no  significant  uncontrolled 
flows  entering  the  stream  between  the  reservoir  and  improved  channel. 

In  design  of  the  improved  channel  and  in  programming  reservoir  releases, 
it  is  necessary  to  determine  (1)  if  the  proposed  reservoir  releases  will 
provide  equilibrium  bedload  transport  through  the  improved  channel;  and 
(2)  if  scour  or  aggradation  will  occur  and  the  relative  rate  of  its  occur- 
ence. 

The  foregoing  calculations  have  provided  data  on  velocities  for  a range 
of  depths  through  the  reaches  represented  by  the  two  channel  sections. 

The  following  steps  are  necessary  to  determine  how  the  changes  in  velocity 
for  the  same  discharge  passing  through  the  two  reaches  affect  their 
capacity  to  transport  bedload  sediment. 

Velocity-area  curves  for  the  two  stream  reaches  were  prepared  from  the 
data  in  Columns  3 and  5 (for  the  80-foot  wide  channel),  and  Columns  7 
and  12  (60-foot  wide  channel) . The  curves  in  Figure  6-19  provide  informa- 
tion that  enables  calculations  and  plotting  of  discharges  as  related  to 
velocities.  In  the  velocity-discharge  curves,  Figure  6-20  discharges 
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Table  6-1  - Mean  Velocity  Computations  - Two  Channel  Sections 
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Table  6-2  - Calculation  of  n adjusted  for  2 1/2  to  1 
side  slopes  (riprapped) 

The  formula  used  for  obtaining  the  corrected  n in  Column  11  is: 

3/2  \ 2/3 


Pj  n1 3 /2  + P2  n2 


n = 


where  n^  = roughness  coefficient  of  the  individual  lining  material 
n2  = roughness  coefficient  of  riprapped  banks 

Pp  = wetted  perimeter  associated  with  roughness  coefficient  n 
(bottom  width) 

d = depth 

z = slope  of  banks 

P2  = (1  + z2)1/2  (2d)  (wetted  perimeter  of  the  banks) 

P_  = total  wetted  perimeter  (P1  + P2  etc.) 


1 

2 

3 

4 
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8 
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11 

Pi 

nl 

V/2 

d 

z 

(1+z2) 

1/2  p2 

n2 

3/2 

n2 

P_ 

Corrected 

n 

60 

0.0212 

0.0030 

0.2 

2.5 

2.692 

1.077 

0.035 

0.0065 

61.077 

0.0220 

T! 

0.0233 

0.0036 
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II 

II 
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II 
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62.154 

0.0240 

If 

0.0225 

0.0034 
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If 

II 

63.230 

0.0231 
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0.0170 
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II 
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FIGURE  6-18 

RESERVOIR  RELEASE  HYDROGRAPH 
PRINCIPAL  SPILLWAY 
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VELOCITY -AREA  CURVE 
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FIGURE  6-20 

VELOCITY- DISCHARGC  CURVE 
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were  obtained  for  each  0.5  fps  increase  in  velocity  from  the  product 
of  the  cross-sectional  area  and  equivalent  velocity  for  the  two  stream 
sections  shown  on  Figure  6-20. 

The  next  step  required  selection  of  a mean  velocity-bedload  sediment 
transport  rating  curve  from  Figure  6-16  because  of  similarity  in  median 
grain  size.  Curve  number  7 was  chosen  as  the  more  applicable  to  this 
problem.  Selection  of  another  curve  would  result  in  relatively  comparable 
qualitative  results  but  they  would  differ  quantitatively.  However, 
qualitative  results  provide  useful  information  for  solution  of  this 
problem. 

The  discharge-bedload  sediment  transport  curves  of  Figure  6-21  were 
derived  from  Figure  6-16  and  Figure  6-20,  in  the  following  manner: 
Velocities  for  the  same  discharges  in  both  stream  reaches  were  read 
from  the  curve  of  Figure  6-20.  In  the  example,  the  discharges  selected 
were  spaced  sufficiently  close  (every  50-75  cfs.  change)  to  provide 
adequate  plotting  points  for  drawing  a curve.  The  sediment  transport 
for  the  velocities  relating  to  the  discharges  were  read  from  Curve  7, 
Figure  6-16.  The  resulting  data  enabled  plotting  of  the  discharge- 
bedload  sediment  transport  curves  of  Figure  6-21. 

The  remainder  of  the  steps  in  this  problem  are  indicated  in  Table  6-3, 
which  shows  bedload  sediment  transport  determinations  for  the  80-foot 
bottom  width  and  60-foot  bottom  width  stream  reaches.  Column  1 gives 
the  range  in  discharge  for  a number  of  segments  of  the  reservoir  release 
hydrograph  of  Figure  6-18.  The  segments  are  so  selected  as  to  facilitate 
location  of  a point  (Column  2)  reflecting  a mean  value  for  the  range. 

The  elapsed  time  covered  on  the  hydrograph  by  the  discharge  range  in 
Column  1 is  given  in  Column  3.  Since  sediment  transport  is  in  tons 
per  day  per  foot  of  width  on  Figure  6-16  and  Figure  6-21  the  elapsed 
time  is  converted  to  percent  of  24  hours  in  Column  4.  Bedload  sediment 
transport  in  tons  per  day  per  foot  of  width  in  Column  5 is  the  inter- 
section of  the  mid-point  value  in  Column  2 with  the  curve  on  Figure 
6-21  for  the  appropriate  channel  reach.  Bedload  sediment  transport 
is  the  product  of  the  data  in  Columns  4 and  5 and  the  bottom  width  of 
the  respective  reach. 

The  results  of  the  procedure  applied  to  the  example  show  that  equili- 
brium transport  could  be  maintained  if  the  maximum  reservoir  release 
were  about  150  cfs.  Beyond  that  discharge,  the  improved  section  would 
aggrade  with  about  57  percent  of  the  incoming  bedload  sediment  moving 
through.  At  a maximum  release  rate  of  500  cfs.  aggradation  could  soon 
fill  the  channel,  depending  on  the  frequency  of  reservoir  release  and 
length  of  reach  over  which  the  deposit  would  accumulate.  Presuming 
the  release  rate  could  not  be  reduced  to  150  cfs.,  a great  reduction 
in  aggradation  could  be  achieved  by  a change  to  about  300  cfs.  maximum 
reservoir  release.  This  is  evident  from  the  data  on  Table  6-3  and  the 
increased  difference  in  transport  between  the  two  reaches  at  the 
higher  release  rates. 
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Table  6-3 

Bedload  Sediment  Transport 


80-foot  channel, 

energy 

gradient 

0.003  ft. /ft.,  1/4:1 

side  slopes 

1 

2 

3 

4 

5 

6 

Range  In 
Discharge 
cf  s 

Mid-Point 
of  Range 
cf  s 

Elapsed 
Time 
Hrs . 

Time 
% of 
24  Hrs. 

Sediment  Bedload  Sediment 

Transport  Transport  Col.  4 

per  ft. width  x 5 x Bottom  Width 
tons/day  Tons 

0 - 200 

100 

1 

4.2 

7 

24 

200  - 400 

285 

4 

9.6 

78 

599 

400  - 500 

475 

7 

29.1 

200 

4,656 

500  - 500 

500 

30 

124.7 

213 

21,248 

500  - 485 

492 

24 

100 

210 

16,800 

485  - 460 

474 

12 

50 

200 

8,000 

460  - 418 

441 

12 

50 

180 

7,200 

418  - 327 

380 

12 

50 
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327  - 240 

290 

6 

25 

82 

1,640 

240  - 0 
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6 

Total 

25 

bedload 

18 

sediment  transport 

720 

67,367 

60-foot  channel, 

energy  gradient  0.0025  ft. /ft.,  2-l/2:l 

side  slopes 
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7 
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50 
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418  - 
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12 

50 
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327  - 
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290 

6 

25 

69 

1,035 

240  - 

0 

155 

6 

Total 

25 

bedload 

21 

sediment  transport 

315 

38,449 
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The  effect  of  widening  the  improved  reach  to  that  of  the  upstream 
reach  would  need  to  be  re-evaluated  because  the  n attributable  to 
the  channel  would  be  changed.  Determination  of  the  most  efficient 
channel  dimension  and  reservoir  release  commensurate  with  the  site 
limitation  may  require  several  trial  and  error  computations. 

Bedload  sediment  transport  in  sand  bed  streams  with  constant  rough- 
ness. - - The  following  procedure  may  be  used  in  sand  bed  streams 
with  a median  size  larger  than  0.5  mm.  and  with  constant  bed  rough- 
ness. The  steps  to  be  taken  are  the  same  as  those  given  in  the 
example  6-9  except  for  the  variable  roughness  computations. 

Example  6-10 

Assume  that  stabilization  requires  construction  of  a concrete-lined 
channel  from  the  edge  of  the  foothills  of  a tributary  across  the 
floodplain  to  its  junction  with  the  main  stream.  The  natural  channel 
within  the  foothills  contains  a full  supply  of  coarse  sand  with  a 
median  size  of  1.0  mm.  The  width  of  the  stream  averages  28  feet  and 
has  a gradient  of  0.0195  feet  per  foot.  The  slope  of  an  alluvial  fan 
just  downstream  from  the  foothill  zone  is  0.014  feet  per  foot.  The 
tributary  joins  another  tributary  which  has  a grade  of  0.006  feet  per 
foot  at  the  junction. 

The  hydrology  and  hydraulics  of  the  proposed  improvements  show  that 
an  8 foot  wide  rectangular  section  will  be  required  to  handle  the 
tributary  flow  on  a grade  of  0.014  feet  per  foot,  whereas  a rectan- 
gular section  14  feet  wide  will  be  required  below  the  junction  of 
the  two  streams.  Determination  of  relative  rates  of  bedload  trans- 
port in  the  natural  channel,  tributary  section  and  at  the  junction 
of  the  tributaries  is  necessary  to  predict  whether  the  lined  sections 
will  carry  the  introduced  bedload  or  whether  a debris  basin  may  be 
required . 

The  estimated  constant  n for  the  3 stream  sections  is  0.027  for  the 
28'  bottom-width  sand  bed  stream  above  the  concrete  lining  and  0.014 
for  the  lined  sections. 

Figure  6-22  shows  a synthetic  hydrograph  for  a relatively  frequent 
event  and  Table  6-4  presents  the  mean  velocity  and  discharge  for 
stages  of  flow  that  would  be  experienced  during  the  runoff.  These 
correspond  to  Figure  6-18  and  Table  6-1  in  the  Procedural  Guide. 

The  derivation  of  Figure  6-23  (Velocity-Area  Curve)  and  Figure  6-24 
(Velocity-Discharge  Curve)  are  described  for  their  counterparts, 
Figures  6-19  and  6-20  in  the  Guide.  Curve  9,  Figure  16  of  the  latter 
was  extended  beyond  the  data  range  in  order  to  estimate  sediment 
transport  at  higher  velocities.  Rates  of  sediment  transport  per 
foot  of  width  on  Figure  6-18  for  the  3 described  channel  sections 
is  equivalent  to  Figure  6-21  of  Guide. 
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Table  6-5  gives  the  results  of  Bedload  Sediment  Transport  calculations 
in  the  3 sections.  The  results  show  that  the  steeper  concrete  lined 
section  between  the  tributary  junction  and  the  natural  channel  can  carry 
more  than  3 times  the  bedload  sediment  introduced  by  the  storm.  However, 
the  channel  below  the  junction  can  carry  little  more  than  half  the 
amount  introduced  from  the  natural  channel.  The  result  would  be  a 
plugging  at  the  junction  and  backfilling  of  sediment  into  the  contri- 
buting channel.  About  50  percent  additional  inflow  of  relatively 
sediment  free  water  from  the  other  tributary  would  be  necessary  for 
prevention  of  a plug  forming  at  the  junction.  A basic  reason  for  this 
problem  developing  is  indicated  by  inspection  of  Figure  6-25.  The 
sediment  transport  curves  for  the  14’  lined  channel  at  grade  of  0.006 
feet  per  foot  shows  rates  of  transport  slightly  in  excess  of  that  for 
the  28’  incoming  channel  section  per  foot  width.  Since  the  latter  is 
twice  as  wide,  transport  over  the  whole  width  substantially  exceeds 
that  of  the  lined  section.  The  need  for  construction  of  a debris  basin 
to  trap  the  bedload  sediment  is  indicated  in  this  example. 

Slope  (Bank)  Stability  Analysis 


General 


A slope  stability  analysis  from  the  standpoint  of  strength  will  not  be 
required  for  all  channel  banks  - - in  fact,  it  may  not  be  required 
for  the  majority  of  channels.  However,  soil  conditions  and  all  of 
the  forces  that  may  act  on  a slope  should  be  carefully  considered  in 
deciding  whether  or  not  an  analysis  is  needed.  In  some  cases,  it  may 
not  be  economically  feasible  to  initially  construct  channel  banks  in 
accordance  with  design  requirements  imposed  by  high  water  table, 
quicksand  or  "soupy"  conditions,  or  other  adverse  soil  and  seepage 
pressure  conditions. 

It  should  also  be  recognized  that  it  may  be  impractical  to  provide 
absolutely  safe  channel  slope  designs  for  every  foot  of  many  channel 
sections.  Surface  and  subsurface  investigations,  sampling  and  testing 
of  soils  at  channel  sites  may  not  be  as  intensive  as  at  dam  sites. 
Stability  analyses  and  slope  design  will  generally  have  to  be  based 
on  dominant  conditions  with  adequate  provision  for  maintenance  of 
trouble  spots  that  may  show  up  during  or  after  construction  or  that 
may  not  be  large  enough  to  warrant  variation  in  the  design  of  the 
overall  project.  However,  in  some  situations  where  seepage  conditions 
may  be  limited  in  extent  and  in  critical  areas,  the  design  based  on 
dominant  conditions  may  be  modified  by  drainage  appurtenances  or  by 
a change  in  slope  inclination. 

The  banks  of  existing  channels  in  similar  soils  and  under  similar 
conditions  should  be  studied.  Past  experience  with  channel  banks 
under  similar  conditions  should  be  reviewed. 
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The  design  of  most  channel  banks  from  the  standpoint  of  strength  will 
probably  depend  largely  upon  local  experience  and  past  performance; 
detailed  analyses  generally  will  be  limited: 

1.  to  those  sections  where  critical  soil  or  stress  conditions  are 
anticipated , 

2.  to  new  areas  in  which  experience  is  lacking, 

3.  to  high  hazard  areas  where  failure  would  cause  severe  damage. 

Too  often  instability  of  channels  is  blamed  on  erosional  activity  or 
on  bank  sloughing.  Actually,  many  channel  bank  failures  involve  a 
combination  of  erosion  and  shear  failure,  such  as: 

1.  degradation  of  the  channel  bottom, 

2.  undercutting  of  a bank  because  of  channel  obstructions,  improper 
curvature,  or  other  factors  that  direct  channel  currents  toward 
the  bank , 

3.  loss  of  toe  support  for  a slope  from  internal  erosion  (piping). 

In  these  cases,  the  resistance  to  sliding  is  reduced,  and  the  possi- 
bility of  slope  failure  is  increased,  even  though  the  original  slope 
was  stable  before  erosion  occurred.  These  factors  should  be  carefully 
considered  in  evaluating  past  performance  of  channels. 

The  object  of  a stability  analysis  is  to  determine  the  factor  of  safety 
for  the  most  critical  combination  of  stresses  and  boundary  conditions 
anticipated.  A good  estimate  of  the  location  of  the  critical  surface 
can  usually  be  made  by  considering  that  the  failure  surface  will  tend 
to  follow  the  path  of  least  resistance,  e.g.,  through  or  along  material 
with  the  lowest  shear  strength. 

Types  of  Slides  and  Methods  of  Analysis 

No  one  method  of  slope  stability  analysis  is  applicable  to  all  condi- 
tions. The  type  of  potential  slope  failure  and  the  location  of  the 
critical  zone  or  plane  of  weakness  generally  dictate  the  method  of 
analysis  to  be  used. 

Rotational  slides.  - - Rotational  slides  are  those  in  which  the  sliding 
soil  mass  moves  on  a circular  arc  failure  surface  through  any  section 
of  the  slope  or  the  channel  bottom. 
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This  type  of  failure  generally  occurs  in  plastic  soils. 


A Swedish  slice  methodA^-/  is  used  to  analyze  rotational  slides  on 
circular  failure  arcs  through  levees,  natural  banks,  or  combinations 
thereof.  This  method  is  most  applicable  to  soils  that  exhibit 
cohesion;  it  may  be  used  in  the  no  seepage,  steady  seepage  and 
rapid  drawdown  conditions. 

Although  Taylor’s—/  charts  of  stability  numbers  do  not  consider 
seepage,  these  charts  may  be  used  for  rough  determinations  and  pre- 
liminary solutions  in  homogeneous  cohesive  soils,  provided  a conserva- 
tive factor  of  safety  is  used.  If  a channel  is  stable  from  an  erosional 
standpoint  and  deep  drying  cracks  are  not  likely  to  occur,  bank  stability 
in  homogeneous  cohesive  soils  is  generally  not  a problem  for  channel 
depths  less  than  about  eight  feet. 


q c/ 

Janbu— ' has  developed  an  analytical  method  for  cohesive  materials 
cases  of  0 = 0 and  0^0.  Charts  and  graphs  are  presented  for  wet 
slopes  in  which  submergence  and  drawdown  are  considered  and  for  dry 
slopes.  Effects  of  surcharge  and  tension  cracks  are  also  included. 
This  method  is  limited  to  homogeneous  levees,  with  single  layer 
foundations  or  base  materials,  and  no  seepage. 


for 


Translatory  slides.  - - Translatory  slides  are  those  in  which  the  soil 
mass  moves  on  a zone  of  weakness  that  can  be  identified  as  the  base 
for  sliding. 
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This  type  generally  occurs  as  a slide  in  a weak  clay  seam  (stratum)  or 
where  uplift  pressure  is  excessive. 

1.  The  sliding  wedge  methodic/  is  applicable  to  translatory  slides 
along  weak  planes  at  or  above  the  bottom  of  the  channel  and 
roughly  parallel  to  the  ground  surface.  This  method  is  used  in 
connection  with  either  the  no  seepage  or  the  steady  seepage  con- 
ditions; it  is  difficult  to  evaluate  the  pore  water  effects  in 
this  method.  • 

2.  The  infinite  slope  method  of  analysis  is  applicable  to  slopes  of 
non-cohesive  materials  that  are  subject  to  either  steady  seepage 
or  rapid  drawdown  conditions.  This  method  of  analysis  assumes 
the  soil  mass  slides  parallel  to  the  slope. 

Boundary  Conditions  and  Parameters  Affecting  Slope  Stability 

Effects  of  Water 


The  stability  of  channel  banks  is  affected  by  the  amount  of  water  in 
the  soil  mass,  the  pressure  head  on  the  water,  and  the  directional 
movement  of  water  in  the  pores  of  the  soil.  The  weight  of  the  soil 
varies  with  moisture  content  which  in  turn  affects  the  forces  acting 
on  the  soil  mass.  The  effect  of  moisture  in  terms  of  pore  pressure 
alters  the  resistance  of  soil  to  sliding  failure,  i.e.,  seepage 
pressure  will  lower  strength  whereas  surface  tension  in  moist  soil 
will  increase  the  strength  in  relation  to  the  saturated  strength. 

Steady  seepage.  - - When  gravitational  water  moves  through  saturated 
soils,  seepage  forces  are  set  up  by  the  frictional  drag  exerted  on 
the  soil  particles.  These  forces  are  functions  of  the  head  losses  or 
hydraulic  gradient  through  the  soil  mass.  When  flow  moves  from  the 
bank  into  the  channel,  the  resultant  seepage  forces  decrease  the 
stability  of  the  bank. 
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The  maximum  anticipated  elevation  to  which  ground  water  may  develop 
or  the  maximum  pressure  that  may  develop  in  shallow  aquifers  should 
be  considered.  The  water  level  and  pressure  conditions  at  the  time 
of  investigation  may  not  be  the  most  critical  condition.  For  example, 
downstream  from  a storage  dam  the  ground  water  level  in  the  valley 
may  rise  considerably  after  the  dam  is  constructed.  When  water 
table  conditions  are  involved  in  channel  bank  stability  studies, 
water  movement  should  generally  be  considered  in  a horizontal  dir- 
ection. Banks  consisting  of  fine  sands  and  non-cohesive  silts  are 
especially  prone  to  slough  under  high  water  table  conditions; 
stability  of  banks  in  these  materials  may  not  be  achieved  until 
the  ground  water  has  been  lowered. 

Under  conditions  of  permanent  low  ground  water  where  no  seepage 
flow  is  assumed  out  of  the  bank,  seepage  forces  can  be  neglected 
in  the  slope  stability  analysis.  However,  prolonged  heavy  rains 
can  saturate  a portion  of  the  soil  profile,  especially  if  the 
profile  is  stratified,  and  bring  water  forces  into  consideration. 

Drawdown.  - - Drawdown  is  the  lowering  of  the  water  level  against 
a channel  bank.  When  the  water  stands  for  some  time  against  an 
earth  slope,  such  as  an  irrigation  canal,  the  soil  becomes  satu- 
rated. Rapid  drawdown  presupposes  a sufficiently  quick  withdrawal 
of  the  water  in  the  channel  so  that  the  soil  in  the  banks  remains 
saturated.  Outflow  from  the  banks  is  considered  to  move  hori- 
zontally. 

Shear  Strength 

The  results  of  drained  shear  tests  produce  the  best  strength  para- 
meters for  stability  analysis  of  channel  banks  when  all  seepage  forces 
are  considered.  Shear  strengths  from  saturated  unconfined  compression 
tests  or  vane  shear  tests  may  be  used  for  highly  plastic  soils. 

Results  from  consolidated,  undrained  shear  tests  may  be  used  in  lieu 
of  results  from  drained  shear  tests  when  the  former  are  considered 
adequate  and  representative  or  when  pore  water  pressures  are  measured. 

Unloading  by  excavation  and  the  subsequent  weathering  of  some  bank 
materials  may  lead  to  swelling,  cracking,  decrease  in  density,  and 
loss  of  shear  strength.  Under  these  conditions,  the  shear  strength 
obtained  from  tests  on  unweathered  samples  must  be  adjusted  down- 
ward on  the  basis  of  knowledge  of  the  material,  past  experience, 
and  judgement.—' 

Unless  shear  tests  have  been  made  on  materials  in  spoil  banks  or 
levees,  the  shear  strength  of  these  materials  should  be  ignored  in 
the  resisting  forces.  The  weight  of  such  materials  must  be  con- 
sidered in  the  driving  forces,  however. 
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Seismic  Forces 

The  effect  of  earthquake  shocks  can  be  ignored  in  the  stability 
analyses  of  channel  banks  in  a large  portion  of  the  United  States. 
However,  in  some  areas  (the  Western  States  in  particular)  seismic 
effects  should  be  evaluated  as  a design  factor,  when  a slide  would 
result  in  costly  property  damage  or  loss  of  life. 

The  designer  should  review  the  following  references  for  information 
on  earthquake  history  and  seismic  effects  on  dams: 


It  is  suggested  that  seismic  loadings  be  obtained  from  Figure  17  of 
Technical  Memorandum  No.  641.  These  loads  are  assumed  to  act  horizon- 
tally in  the  direction  of  instability  and  should  be  applied  to  the 
worst  condition  other  than  rapid  drawdown. 

In  lieu  of  values  from  Figure  17,  earthquake  effects  may  be  included 
by  the  addition  of  a horizontally  directed  inertial  force  of  0.1  g, 
i.e.,  the  stress  increase  is  0.1  of  the  weight  of  material  above  the 
slip  surface. 

Surcharge 

Surcharge  loads,  such  as  levees,  spoil  banks  and  roadways  near  the 
top  of  channel  banks  should  be  avoided  or  minimized  when  possible, 
especially  those  conditions  shown  in  the  figure  below.  In  this 
situation,  the  driving  forces  are  increased  by  the  weight  of  the 
excavated  material  placed  at  the  top  of  the  bank.  In  addition,  free 
runoff  of  surface  water  is  prevented.  The  seeping  water  from  the 
land  side  of  the  spoil  bank  weakens  the  soil  in  the  zone  of  possible 
failure  and  increases  its  unit  weight.  The  resisting  forces  are 
decreased,  and  the  driving  forces  are  increased. 


"Earthquake  History  of  the  United  States," 
U.  S.  Department  of  Commerce,  Coast  and 
Geodetic  Survey  Bulletin  No.  41-1. 


"Seismic  Stability  of  Earth  Dams"  by 

E.  E.  Esmiol,  U.S.B.R.  Technical  Memorandum 

No.  641. 


Seepage  Line 


Possible  Surface 
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When  levees  or  spoil  banks  are  located  away  from  the  edge  of  the 
channel  bank  so  as  to  leave  a berm  at  the  ground  surface,  the 
forces  tending  to  cause  shear  failure  or  sloughing  of  the  channel 
bank  are  considerably  reduced.  NEH,  Section  16ii/,  pages  6-18  and 
6-19,  contains  a discussion  on  natural  ground  berms  and  spoil  banks. 

If  surcharge  loads  will  exist,  they  should  be  considered  in  the 
stability  analysis  of  channel  banks.  The  largest  anticipated 
value  of  the  unit  weight  of  soil  in  levees  and  spoil  banks  should 
be  used  in  the  analyses.  Unit  weights  will  vary  with  soil  types, 
moisture  contents,  and  methods  of  placement.  For  example,  the 
unit  weight  of  materials  placed  by  dragline  may  vary  considerably 
from  the  unit  weight  of  material  placed  by  hauling  equipment. 

The  line  load,  plus  the  appropriate  roadbed  surcharge  load,  should 
be  included  in  the  stability  analysis  when  roads  will  be  located 
adjacent  to  banks,  on  berms  or  on  levees  of  channel  projects. 

Tension  Cracks 


Experience  has  shown  that  the  upper  portion  of  most  cohesive  slopes 
is  initially  in  a state  of  tension.  The  depth  to  which  tension 
extends  can  be  roughly  estimated  by  the  following  equation: 

H = -2-C-m-  tan(45°  + ) 

c y 2 

m 

where  terms  are  as  defined  in  glossary. 

In  a stability  analysis,  the  depth  of  tension  cracks  should  not  be 
extended  below  the  water  table  or  over  one-half  the  height  of  the 
slope.  For  a vertical  bank,  the  location  of  greatest  tensile  stress 
is  back  from  the  edge  of  the  cut  a distance  equal  to  approximately 
one-half  of  the  height.  The  cohesion  portion  of  the  shear  strength 
should  not  be  used  in  the  zone  of  cracking.  The  hydrostatic  pressure 
created  by  water  in  the  cracks  should  be  added  to  the  driving  forces. 

Cracks  caused  by  excessive  shrinkage  may  exist  in  some  soils  to 
greater  depths  than  the  tension  zone  previously  discussed.  The 
soils  generally  most  susceptible  to  shrinkage  cracking  are  clays 
having  liquid  limits  greater  than  40  and  plasticity  indexes  greater 
than  20. 


Cracks 
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In  clay  soils  where  the  water  table  is  low,  shrinkage  cracks  may 
develop  in  channel  banks  as  shown  in  the  above  sketch;  regardless 
of  the  slope  of  the  bank.  Blocks  of  soil,  as  indicated  by  the  cross- 
hatched  lines,  are  further  weakened  by  water  in  the  channel  and 
eventually  are  moved  from  the  bank.  Under  these  conditions,  channel 
banks  tend  to  become  vertical.  A similar  situation  occurs  in  dry 
soils  having  a columnar  structure,  such  as  loess. 

None  of  the  methods  of  stability  analysis  presented  in  this  section 
are  directly  applicable  to  a solution  involving  the  shrinkage  condition. 

Factors  of  Safety  Against  Sliding 

The  end  result  of  all  methods  of  slope  stability  analyses  is  a 
comparison  of  the  forces  that  cause  sliding  with  those  that  resist 
sliding.  The  ratio  of  the  resisting  forces  to  the  driving  forces 
is  the  factor  of  safety  against  sliding. 

The  minimum  acceptable  factor  of  safety  is  dependent: 

1.  on  the  method  of  analysis  used, 

2.  on  whether  all  loads  and  forces  on  the  banks  have  been 
considered  and  included  in  the  analysis, 

3.  on  strength  parameters  that  may  have  to  be  correlated  or 
estimated  to  a considerable  extent  because  of  limited  intensity 
of  investigation  and  testing. 

Piping 

Piping  is  the  movement  of  soil  particles  by  percolating  water  and 
the  subsequent  development  of  internal  channels  or  pipes.  The 
formation  of  pipes  in  the  periphery  of  a channel  reduces  support 
for  the  toe  of  the  slope;  this  loss  of  support  may  eventually 
create  an  unstable  bank. 

When  hydrostatic  pressure  exists  in  a sub-stratum  at  a planned 
project  site,  this  pressure  may  become  excessive  when  overburden 
materials  are  removed,  with  the  result  that  heaving  and  piping  may 
occur  in  the  bottom  and/or  banks  of  channel.  After  excavation  of 
the  channel,  the  effective  weight  of  the  soil  overlying  the  stratum 
under  hydrostatic  pressure  must  be  greater  than  the  uplift  pressure 
if  the  channel  is  to  be  stable.  In  order  to  make  an  analysis,  the 
hydrostatic  pressure  must  be  determined  by  piezometers  or  other 
means . 

Water  impounded  in  a reservoir  may  increase  the  uplift  pressure  on 
a channel  downstream  from  a dam.  In  those  cases  where  a less 
pervious  blanket  overlies  a more  pervious  stratum,  the  uplift 
analysis  may  be  made  by  blanket  equations.-^-' 
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In  the  case  where  an  aquifer  lies  above  the  bottom  of  a channel, 
it  may  be  necessary  to  construct  a flow  net  to  determine  the  exit 
gradient  for  use  in  a piping  analysis. 

The  minimum  acceptable  factor  of  safety  against  heaving  and  piping 
is  generally  1.5. 


Stabilizing  Measures 


General 


When  the  preliminary  design  for  an  earth  channel  indicates  that  the 
allowable  tractive  force  and  velocity  will  be  exceeded,  considera- 
tion should  be  given  to  vegetation  or  structural  stabilization. 

Stabilizing  measures  can  be  classified  broadly  into  three  groups  - - 
bank  protection,  channel  linings,  and  grade  control  structures. 

Bank  protection  and  channel  linings  protect  the  channel  surfaces 
from  erosion  caused  by  movement  of  water  and  transported  materials 
and  from  shallow  surface  sliding. 

Grade  control  structures  may  be  used  to  reduce  the  channel  bottom 
grade  with  a resulting  reduction  in  velocity  and  scour,  to  control 
overfalls  at  the  head  end  of  channels,  and  to  control  the  discharge 
from  tributary  channels. 

The  selection  of  a particular  measure  or  combination  of  measures 
should  be  based  on  sound  engineering  and  agronomic  principles  for 
each  particular  situation  since  channel  stabilizing  problems  can 
vary  considerably  from  one  location  to  another. 

Except  in  narrowed  channels,  protective  elements  should  approximate 
natural  roughness.  Revetments  should  be  as  coarse  in  texture  as 
natural  banks.  Retards,  baffles  and  jetties  should  simulate  the 
effect  of  trees  and  boulders  along  natural  banks  and  in  overflow 
channels . 

Bank  Protection 


Under  certain  conditions  channel  stability  may  be  obtained  by  pro- 
viding protection  to  the  banks  only.  Examples  are  at  sharp  changes 
in  alignment  and  at  bridges,  culverts,  or  grade  control  structures 
where  the  bottom  is  stable. 

Vegetation—^  — / — / 

Vegetation  may  be  considered  for  sites  suitable  to  good  vegetative 
growth.  It  can  be  used  alone  or  in  conjunction  with  structural 
measures  to  provide  a more  effective  and  permanent  type  of  protection. 
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It  may  be  necessary  to  use  temporary  materials  to  protect  the  seed- 
lings or  plants  against  erosion  from  wind  and  runoff  during  the  period 
of  establishment. 

Permissible  velocities  for  vegetative  cover  are  given  in  Table  3 of 
SCS-TP-61—  . This  table  indicates  a range  of  velocities  from  2.5 
f.p.s.  for  easily  erodible  soil,  to  8.0  f.p.s.  for  erosion-resistant 
soil.  Velocities  exceeding  5.0  f.p.s.  should  not  be  used  except 
where  good  cover  and  proper  maintenance  are  assured. 

Conditioned  Earth 


Conditioned  earth  may  be  used  to  increase  the  stability  of  channels 
with  stable  bottoms  by  providing  denser,  more  erosion-resistant 
soil  in  the  channel  banks.  Earth  banks  may  be  "conditioned"  by 
the  following  methods:  (See  page  29  of  ) 

1.  Compacting  the  existing  soil  in  the  shaped  channel  to  a 
greater  density. 

2.  Over-excavating  to  a larger  cross  section  thar  necessary,  and 
placing  a compacted  less  permeable  soil  as  a lining.  Both 
methods  1 and  2 are  not  easily  adaptable  to  ‘slopes  steeper 
than  3 to  1. 


3.  By  adding  chemicals  to  the  soil. 
Revetments-^-/  1-1  / 


Revetments  of  various  types  may  be  used  to  stabilize  channel  banks. 

Retards  and  permeable  jetties.  - Retards  and  permeable  jetties  are 
extensive  or  multiple-unit  structures  composed  of  open  forms  like 
piling,  fencing,  and  unit  frames.  However,  their  function  and 
alignment  are  different. 


Retards  are  placed  parallel  to  erodible  banks  of  channels  on  stable 
gradients  where  the  prime  purpose  is  to  lessen  the  tangental  or 
impinging  stream  velocities  sufficiently  to  prevent  erosion  of  the 
bank  and  to  induce  deposition.  As  a remedial  measure,  the  prime 
purpose  may  be  deposition  near  the  bank  in  deep  channels  or  restora- 
tion of  an  eroded  bank  by  accretion. 


Retards  may  be  used  alone  (see  Fig.  189  of  — /)  if  the  bank  will  be 
protected  by  deposition  behind  the  retard,  or  by  establishment  of 
vegetation,  otherwise  they  should  be  used  in  combination  with  an 
armor  protection.  (See  Fig.  190  of  ill/)  Retards  may  permit  use 
of  a lighter  type  of  armor  or  they  may  be  used  as  toe  protection 
of  armor  revetments  when  a good  foundation  for  the  revetment  is 
impractical  because  of  high  water  or  extreme  depths  of  poor  soil 
materials . 
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On  tangent  reaches  where  the  channel  is  narrow,  retards  may,  by 
slowing  the  velocity  on  one  side,  affect  an  increase  in  velocity 
on  the  other.  In  wide  reaches  of  a meandering  stream  retards  may 
reduce  an  impinging  attack  as  well  as  have  beneficial  effect  on 
the  opposite  bank  by  slowing  a rebounding  high  velocity  wave. 

Permeable  jetties  are  placed  at  an  angle  with  the  channel  bank  and 
are  generally  used  in  meandering  streams  to  direct  the  current  away 
from  the  bank.  (See  Fig.  191  of  hA? ) They  encourage  deposition 
of  bed  material  and  growth  of  vegetation,  but  where  retards  build 
a narrow  strip  in  front  of  the  bank,  permeable  jetties  cover  a 
wider  area  roughly  limited  by  the  envelope  of  the  outer  ends. 

Timber  piling.  - - Timber  piling  retards  and  jetties  may  be  of 
single,  double  or  triple  rows  of  piles  with  the  outside  or  upstream 
row  faced  with  wire  mesh  or  woven  wire  fencing  material  which  adds 
to  the  retarding  effect  by  trapping  light  brush  or  debris.  This 
type  of  retard  is  particularly  adapted  to  larger  channels  where 
the  piles  will  remain  in  the  water,  removed  from  the  fire  hazard 
of  brushy  banks.  The  number  of  pile  rows  and  amount  of  wire  may 
be  varied  to  control  the  deposition  of  material.  In  leveed 
channels,  it  is  often  desirable  to  discourage  accretion  in  order 
not  to  constrict  the  channel  but  still  provide  sufficient  retarding 
effect  to  prevent  loss  of  bank  protection  such  as  vegetation  or 
small  rock  riprap.  When  used  as  jetties,  the  purpose  is  to  encourage 
deposition  of  material  and  protect  vegetation.  Assuming  negligible 
fire  hazard,  the  wood  may  be  treated  with  preservative  to  provide 
a long  life  (Fig.  195  of  — ' ) . 

Fence  types.  - - For  smaller  channels  or  areas  of  less  frequent 
flood  flow  attack,  such  as  overflow  areas,  single  and  double  rows 
of  various  types  of  fencing  may  be  used.  (Figs.  202-205  of  ALA ) 

All  metal  types,  such  as  pipe-and-wire  or  rail-and-wire , are  more 
suitable  when  conditions  are  conducive  to  the  growth  of  brush  that 
presents  a serious  fire  hazard  to  wooden  posts.  Details  of  typical 
designs  of  pipe-and-wire  retards  are  found  in  Figs.  206  and  207 
of  M/. 

The  principal  difference  between  fence  retards  and  ordinary  woven 
wire  fences  is  the  posts  of  retards  must  be  driven  sufficiently 
deep  to  avoid  loss  by  scour. 

When  it  is  necessary  to  reduce  the  permeability  as  an  aid  in 
directing  the  stream,  as  is  frequently  required  at  earth  fills 
behind  bridge  abutments,  self-adjusting  wire  baskets^-'  may  be 
used  and  filled  with  alternate  layers  of  rock  and  brush. 

Permeability  can  be  varied  to  meet  the  requirements  of  the  location. 
For  single  fences,  the  factor  most  readily  varied  is  the  pattern  of 
the  wire  mesh.  For  multiple  fences,  the  mesh  pattern  can  be  varied 
or  the  space  between  fences  can  be  filled  to  any  desired  height. 
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Making  optimum  use  of  local  materials,  this  fill  may  be  brush 
ballasted  by  rock,  or  rock  alone. 

Jacks  and  tetrahedrons.  - These  devices  are  skeletal  frames  adapt- 
able to  permeable  retards  and  jetties  by  tying  a number  of  similar 
units  together  in  the  desired  alignment. 

They  serve  best  in  meandering  channels  that  carry  considerable 
bedload  during  flood  stages.  Impedance  of  the  stream  along  the 
string  of  units  causes  deposition  of  bed  material,  especially  at 
the  crest  of  flow  and  during  falling  stages.  Beds  of  such  streams 
often  scour  on  the  rising  stage,  undercutting  the  units  and  caus- 
ing their  subsidence,  and  rotation  when  one  leg  or  side  is  undercut 
more  than  the  other.  Deposition  on  the  falling  stage  usually 
restores  the  former  bed  and  partially  or  completely  buries  the 
units.  However,  in  the  lowered  and  rotated  position,  they  may  be 
completely  effective  during  future  flood  flows. 

Selection  of  jacks  and  tetrahedrons  may  be  influenced  by  location 
in  or  near  urban  or  recreational  areas.  Unless  the  units  will  be 
screened  by  natural  vegetation,  attention  should  be  given  to  their 
appearance.  Where  units  may  become  "attractive  nuisances,"  details 
should  avoid  sharp  points  and  edges  or  other  features  dangerous  to 
children. 

Rock  riprap  (not  grouted) . - This  kind  of  protection  consists  of 
rock  courses  placed  either  direcl  >pes  or  on 


Where  stones  of  sufficient  size  and  quality  are  available,  it  may 
be  the  most  economical  type  of  revetment  and  has  the  following 
advantages : 

a.  It  is  flexible. 

b.  Local  damage  or  loss  is  easily  repaired  by  the  addition  of 


c.  Appearance  is  natural,  hence  acceptable  in  recreational  areas. 

d.  Vegetation  may  grow  through  the  rocks  adding  structural  value 
to  the  bank  material  and  restoring  natural  roughness. 

e.  Additional  thickness  can  be  provided  at  the  toe  to  offset 
possible  scour  when  it  is  not  feasible  to  found  it  upon  a 
solid  foundation. 

f.  Wave  runup  is  less  (as  much  as  70%)  than  with  smooth  linings. 

g.  It  is  salvable.  The  rock  may  be  stockpiled  and  re-used  if 
necessary. 


gravel  filters  on  bank  slopes. 


rock. 
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h.  Rock  slope  protection,  more  than  any  other  type,  adopts  a non- 
uniform  widely  varying  material  to  a structural  purpose,  with 
gravity  alone  holding  the  stone  together. 

Rock  riprap  should: 

a.  Assure  stability  of  the  protected  bank  as  an  integral  part  of 
the  channel  as  a whole.  For  this  major  objective,  the  ideal 
condition  for  stability  is  a straight  channel  or  a gently 
curved  channel  with  its  outer  bank  rougher  and  more  erosion 
resistant  than  the  inner  bank. 

b.  Tie  to  stable  natural  bank,  bridge  abutments  or  other  fixed 
improvements  with  transitions  designed  to  ease  differentials 
in  alignment,  grade,  slope  and  roughness  of  banks. 

c.  Eliminate  or  ease  local  irregularities  so  as  to  streamline 
the  protected  bank. 

Rock  and  wire  mattress  (gabion  revetment) . - This  type  of  bank 
protection  consists  of  connected  flat  mats  fabricated  of  wire  mesh 
or  woven  wire  fencing  filled  with  rock  and  adequately  anchored  to 
the  bank.  (See  Fig.  363  of  ) 

As  a revetment,  its  application  has  been  limited  to  locations  where 
the  rock  economically  available  is  too  small  for  ordinary  rock 
riprap,  or  where  grouted  protection  is  unsuited  because  of  fineness 
of  stone  or  insecurity  of  bedding  or  foundation.  Alternatives  of 
wire  strength  and  mat  sizes  make  rock  and  wire  mattresses  adaptable 
to  a wide  range  of  exposure  to  hydraulic  forces,  but  the  lighter 
exposures  are  served  more  economically  by  reticulated  revetment. 

The  most  common  use  of  rock  and  wire  mattresses  has  been  to  provide 
flexible  toe  protection  for  other  types  of  bank  protection  as  shown 
in  Figs.  179-181  of  — . The  mat  will  adjust  itself  by  flexure  and 
subsidence,  and  block  the  progress  of  erosion  and  scour  that  might 
threaten  the  toe  of  the  bank.  This  type  has  not  performed  well  on 
curves  (Figs.  182,  325  of  — /),  where  settlement  requires  extending 
or  shortening  of  the  length  of  the  mat.  It  is  more  adapted  to 
tangent  reaches  when  the  mat  has  sufficient  strength  to  hang  suspen- 
ded when  deep  or  uneven  scour  occurs.  Its  life  and  that  of  the 
bank  protection  above  depend  on  the  durability  and  strength  of 
the  wire.  Therefore,  rock  and  wire  mats  should  have  a longer 
service  life  in  drier  climates  and  mature  channels  carrying  mud 
and  silt  (but  not  gravel  and  stones  that  would  abraid  and  shorten 
the  life  of  the  wire  mesh) . 

Considering  the  high  cost  of  the  labor  involved,  the  questionable 
service  life  of  the  wire,  and  the  efficiency  of  modern  methods  of 
excavating  for  toe  protection,  use  of  this  type  of  bank  protection 
has  declined. 
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Reticulated  revetment.  - Wire-mesh  netting  is  useful  in  revetment 
work  to  confine  rock  that  by  itself  would  be  too  light  to  resist 
the  erosive  forces  of  the  stream  flow.  It  may  be  used  as  a cover 
for  banks  over  which  a layer  of  rocky  material  has  been  placed. 

The  size  of  the  mesh  must  be  small  enough  to  confine  the  majority 
of  the  stones.  Although  some  small  stones  may  wash  through  the 
netting,  there  will  remain  a top  layer  of  larger  stones  which,  in 
turn,  will  confine  the  small  stones  underneath. 

The  netting  is  placed  over  the  rocky  slope  and  pinned  by  means  of 
short  lengths  of  reinforcing  bar  hooked  at  the  top.  Brush  may 
grow  through  the  wire  and  provide  additional  anchorage.  An 
application  of  this  type  is  shown  in  Fig.  187  and  typical  design 
details  are  shown  in  Fig.  188  of  ill/.  If  the  channel  bed  material 
is  gravel,  the  wire  may  serve  as  a flexible  toe  protection  by 
extending  it  into  the  channel  bed  and  weighting  the  toe  end. 

Sacked  concrete  riprap.  - This  method  of  protection  consists  of 
facing  the  banks  with  sacks  filled  with  dry  concrete  mix.  Much 
hand  labor  is  required  but  it  is  simple  to  construct  and  adaptable 
to  almost  any  contour.  A photograph  of  this  type  of  installation 
is  shown  in  Fig.  169  and  typical  plans  adapted  to  several  slopes 
are  reproduced  in  Figs.  170  and  171  of  . 

Sacked  concrete  is  an  expensive  but  commonly  used  type  of  revet- 
ment. Where  both  ledge  rock  and  gravel  are  readily  available, 
sacked  concrete  may  cost  four  to  five  times  as  much  as  an  equal 
quantity  of  rock.  It  is  almost  never  used  unless  suitable  stream 
gravel  is  available  at  the  location  and  satisfactory  rock  is  not. 

Dry  pack  may  be  an  excellent  device  for  subaqueous  placement,  for 
initial  foundation,  or  repair  of  undercuts.  It  is  also  adaptable 
for  protection  or  repair  of  small  areas. 

In  many  locations,  the  smoothness  of  sacked  concrete  is  very  undesir- 
able and  its  use  may  require  surface  roughening.  Projecting  dowel 
bars  and  honeycombed  surface  concrete  have  been  used  for  this 
purpose . 

Portland  cement  concrete  articulated  block.  - This  type  of  revet- 
ment consists  of  small  precast  concrete  blocks  held  together  to 

flexible  mat.  A typical  installation  is  shown  in  Fig.  115 


In  this  type  of  installation,  the  blocks  contain  wire-mesh  rein- 
forcement with  rebars  extending  out  from  each  edge  and  bent  into 
an  eye  at  one  edge  and  a hook  at  the  opposite  edge.  As  the  block 
is  placed,  the  open  hooks  are  put  through  the  eyes  of  the  adjacent 
blocks  and  closed.  It  is  easily  placed  and  is  desirable  from  an 
appearance  standpoint.  This  type  of  fabrication  becomes  compli- 
cated for  curved  contours  as  the  blocks  must  be  cast  in  different 
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sizes  for  each  row.  Use  of  this  type  has  been  most  successful 
for  toe  protection  on  tangent  sections. 

Grouted  rock  riprap.  - This  type  of  revetment  consists  of  rock 
riprap  having  voids  filled  with  portland  cement  concrete  grout 
to  form  a monolithic  armor.  A photograph  of  this  type  of  in- 
stallation is  shown  in  Figs.  112,  159  and  a typical  plan  in  Fig. 

160  of  ]llJ . It  has  application  in  areas  where  rock  of  sufficient 
size  for  ordinary  rock  riprap  is  not  economically  available.  It 
also  will  generally  reduce  the  quantity  of  rock  needed  for  a given 
job.  Grouting  not  only  protects  the  stones  from  the  full  force  of 
high  velocity  water  but  integrates  a greater  mass  to  resist  its 
pressure. 

Grouting  will  usually  more  than  double  the  cost  per  unit  volume  of 
stone,  but  the  use  of  smaller  stones  in  grouted  rock  slope  pro- 
tection than  in  an  equivalent  protection  using  ungrouted  stones 
permits  a lesser  thickness  of  protection  which  may  offset  to  some 
extent  the  cost  of  the  grout. 

As  this  type  of  protection  is  rigid  without  high  strength,  support 
by  the  banks  must  be  maintained.  Slopes  steeper  than  the  angle 
of  repose  of  the  bank  material  are  risky. 

Asphalt  concrete  paving.  - This  type  of  revetment  consists  of  a 
facing  of  asphalt  concrete  usually  reinforced  by  wire  mesh.  (See 
Fig.  175  of  ) Such  revetment  is  very  susceptible  to  damage 
from  hydrostatic  pressure  behind  the  pavement  and  should  not  be 
used  unless  relief  from  this  condition  can  be  provided  at  reason- 
able cost. 

It  has  found  most  use  in  bank  linings  where  drawdown  is  not  rapid 
and  water  pressure  acts  to  maintain  close  contact  between  the  paving 
and  the  bank.  It  has  been  used  without  reinforcement  as  a lining 
for  small  drainage  ditches  where  it  is  placed  and  compacted  by  hand. 
(See  Fig.  176  of  ill/.) 

Concrete  paving.  - This  method  of  protection  consists  of  paving  the 
bank  slopes  with  reinforced  portland  cement  concrete.  A photograph 
of  this  type  of  installation  is  shown  in  Fig.  162  and  typical  plans 
are  shown  in  Figs.  163  and  164  of  4 3/ . 

It  is  particularly  adaptable  to  locations  where  the  hydraulic 
efficiency  of  smooth  surfaces  is  important.  On  a cubic  yard 
basis,  the  cost  is  high  but  as  the  thickness  is  generally  only 
3 to  6 inches,  the  cost  on  a basis  of  area  covered  will  usually 
be  less  than  for  sacked  concrete  slope  protection.  This  is 
especially  so  when  sufficiently  large  quantities  are  involved 
and  alignment  will  permit  the  use  of  mass  production  equipment 
such  as  slip-form  pavers. 
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Because  of  the  rigidty  of  portland  cement  concrete  slope  paving, 
its  foundation  must  be  good  and  the  bank  slopes  stable. 

Bulkheads . - In  bank  protection,  a bulkhead  is  constructed  along 
a steep  slope  to  retain  the  bank  from  sliding  as  well  as  to  protect 
it  against  erosion.  (Fig.  226  of  iliV . ) 

Walls.  - - The  commonest  bulkhead  in  bridge  practice  is  the  wingwall 
(or  endwall)  serving  as  a transition  from  a reel  ^ ' ' 'tion 


1.  Straight  Endwall 

This  type  has  no  transitional  value  but  protects  approach 
against  eddy  erosion;  it  is  suitable  only  for  low  velocity 
in  poorly  defined  channel. 

2.  Straight  Wingwall 

This  type  also  has  no  transitional  value  but  protects  steep 
banks  which  support  the  approach  embankment. 

3.  Oblique  Wingwall 

This  is  a conventional  transition;  it  is  efficient  and  economical 
for  well-defined  channels  and  moderate  velocity.  Flare  angle  in 

degrees  should  be  limited  to  — for  converging  and  for 

diverging  flow,  where  V is  the  velocity  in  f.p.s.  through  the 
constricted  section. 

4.  Tapered  Wall 

Tapering  the  grade  of  the  parapet  of  either  the  straight  or 
oblique  wingwall  is  common  practice  for  streams  of  moderately 
low  velocities.  By  matching  the  surcharge  slope  to  the  natural 
bank,  the  transition  progressively  exposes  this  slope  to  the 
low  velocity  boundary  of  the  varied  flow. 

5.  Warped  Wall 


to  a trapezoidal  channel.  The  commonest  forms 


are : 


Tapering  the  slope  of  the  wall  from  vertical  at  the  abutment 
to  a stable-bank  slope  at  the  end  of  the  wall  makes  an 
excellent  transition  for  moderate  to  high  velocity. 
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6.  Returned  Wall 

Building  the  standard  cantilever  wall  on  a curved  alignment 
returned  from  the  abutment  is  an  economical  solution  for  a 
combination  of  a vulnerable  approach  embankment  projecting 
into  a channel  with  durable  banks. 

Cribs.  - - Timber  and  concrete  cribs  are  used  for  bulkheads  in 
locations  where  some  flexibility  is  desirable  or  permissible 
(Figs.  229-233  of  — /).  Using  backfill  for  stability,  cribs 
are  economical  in  the  use  of  structural  materials.  Their  rough 
surfaces  are  advantageous  in  all  natural  locations  where  banks 
are  exposed  to  high  velocities. 

Piling.  - - Timber,  concrete  and  steel  piling  are  used  for  bulk- 
heads depending  on  deep  penetration  of  foundation  materials  for 
all  or  parts  of  their  stability.  Any  of  the  three  materials  is 
adaptabl<  1 ' ‘ or  a sheathed  system  of  post  or  column 


Channel  Linings 

Channel  linings  are  used  to  protect  the  entire  channel  surface. 

Vegetation  is  the  most  commonly  used  protection  for  channels  with 
infrequent  flow,  relatively  low  velocities,  and  where  a good  stand 
can  be  established  and  maintained. 

Ungrouted  rock  riprap  may  be  used  for  channel  lining  where  soils 
are  not  suitable  to  vegetative  growth.  Such  lining  is  applicable 
to  the  inlet  and  outlet  of  channel  structures  for  stabilization 
of  bottom  and  banks. 

Where  it  is  necessary  to  conserve  water  by  limiting  or  eliminating 
seepage,  where  high  velocity  flow  occurs,  or  where  channel  operation 
at  high  hydraulic  efficiency  is  required,  durable,  relatively  im- 
pervious linings  such  as  concrete  or  asphaltic  concrete  may  be  used. 
For  relatively  short  reaches  grouted  rock  riprap  may  be  used.  Such 
linings  may  be  required  where  channel  right-of-way  is  limited. 

The  usual  shape  of  cross  sections  for  vegetated  cover,  ungrouted 
rock,  grouted  rock,  asphaltic  concrete,  or  other  non-structural 
sections  is  trapezoidal.  For  reinforced  concrete,  the  cross 
section  may  be  rectangular  or  trapezoidal.  The  type  of  protec- 
tion selected  will  depend  almost  entirely  on  economics.  The  only 
sure  way  to  select  the  most  economical  material  is  to  prepare  a 
preliminary  design  for  each  and  compare  annual  costs. 

As  a guide  to  trial  selection  of  the  type  of  lining,  the  following 
approximate  criteria  are  presented: 


piles . 
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1.  Rectangular  reinforced  concrete  channels  will  show  the  least 
annual  cost  when  velocities  are  high,  rights-of-way  are 
expensive,  and  wall  heights  are  15  feet  or  less. 

2.  Trapezoidal  R/C  channels  are  most  economical  for  the  above 
conditions  when  right-of-way  costs  are  more  moderate  and 
channel  wall  heights  are  quite  great  (usually  over  15  feet) . 

3.  Loose  rock  lining  is  efficient  when  velocities  are  not  so 
great  as  to  require  extremely  large  rock  and  thick  sections, 
and  where  rock  and  filter  material  are  available  from  nearby 
sources . 

4.  Grouted  rock  lining  is  generally  economical  only  for  short 
reached  of  high  velocity  flow  where  extremely  large  rock  would 
be  required  for  loose  rock  lining. 

5.  Channel  linings  constructed  of  asphaltic  concrete,  pneumatically 
applied  mortar,  pre-cast  R/C  slabs  are  usually  economical  on  an 
annual  cost  basis  only  in  special  situations  of  availability, 
short  project  life  requirements,  etc. 

Grade  Control  Structures43/  44  /  2 *  4 ^ / 4 ^ ' 4 7 / 

Various  types  of  structures  may  be  used  to  reduce  the  gradient  in 
channel  reaches  where  the  channel  materials  will  not  resist  the 
erosive  forces.  They  can  be  divided  into  two  classes  - - open  top 
structures  and  closed  conduit  structures. 

Open  top  structures,  such  as  drop  spillways  and  chutes,  may  be  con- 
sidered for  use  with  any  size  channels. 

Closed  conduit  structures,  such  as  culverts,  hooded  inlets  and  drop 
inlets  are  generally  used  in  relatively  small  channels. 

In  the  design  of  grade  control  structures  the  site  configuration, 
foundation,  conditions,  availability  of  construction  materials, 
hydraulic  and  structural  adequacy,  and  economic  factors  should  be 
considered . 

Generally,  the  design  procedure  for  grade  control  requirements 
should  include  the  following: 

1.  For  the  channel  reach  selected,  determine  the  total  fall 
between  upstream  and  downstream  limits. 

2.  For  the  design  discharge,  the  selected  channel  dimensions  and 

type  of  channel  protection  .generally  determine  the  maximum 

90/91/ 

stable  channel  gradient.-^- 
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3.  Using  the  total  fall,  length  of  channel  reach,  and  stable  grade, 
determine  the  amount  of  fall  to  be  controlled  by  structure (s ) . 

4.  Select  the  type  and  size  of  grade  control  structures  needed, 
based  on  site  configuration,  foundation  conditions,  availability 
of  construction  materials,  hydraulic  and  structural  adequacy  and 
economic  factors. 

Since  channel  dimensions  and  type  of  protection  directly  affect  the 
stable  grade  and  the  amount  of  fall  to  be  controlled  by  structures, 
alternate  designs  should  be  made  to  select  the  most  practical  and 
economical  overall  plan. 

Open  Top  Structures 

Straight  drop  spillway— ^ ^ . - - This  type  of  structure  is  efficient 

for  the  control  of  relatively  low  heads  normally  up  to  10  feet.  It 
is  very  stable  for  heads  less  than  10  feet  and  the  likelihood  of 
serious  structural  damage  is  more  remote  than  for  other  types  of 
structures.  However,  a stable  grade  below  the  structure  is  essential 
to  stability. 

A rectangular  weir  is  less  susceptible  to  clogging  by  debris  than 
the  openings  of  other  structures  of  comparative  discharge  capacities. 
When  properly  constructed,  maintenance  costs  are  lower  for  straight 
drops  than  for  other  types  of  grade  control  structures  for  most  em- 
bankment and  foundation  soil  conditions.  It  is  relatively  easy  to 
construct . 

Limitations  to  the  use  of  the  drop  spillway  are: 

a.  It  is  more  costly  than  some  other  types  of  structures  where  the 
required  discharge  capacity  is  less  than  100  c.f.s. 

b.  When  the  total  head  or  drop  is  greater  than  10  feet,  it  becomes 
costly  to  stabilize  this  type  of  drop  structure  against  sliding. 

c.  It  is  not  a favorable  structure  where  it  is  desired  to  use  tempo- 
rary spillway  storage  to  obtain  a large  reduction  in  discharge. 

Box  inlet  drop  spillway— - - The  box  inlet  drop  spillway  can  be 
used  for  the  same  purposes  as  a straight  drop  spillway.  One  of  its 
greatest  uses  is  for  grade  and  erosion  control  in  open  channels 
where  the  width  of  outlet  is  limited.  It  can  also  serve  as  a tile 
outlet  at  the  head  end  of  the  channel. 
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It  is  particularly  adapted  to  narrow  channels  where  it  is  necessary 
to  pass  large  flows  of  water.  The  long  crest  of  the  box  inlet 
permits  large  flows  to  pass  over  it  with  relatively  low  heads,  and 
the  width  of  the  spillway  need  be  little,  if  any,  greater  than  that 
of  the  exit  channel.  The  box  inlet  drop  spillway  can  be  easily 
combined  with  a bridge  to  provide  a road  crossing.  The  high  portion 
of  the  sidewalls  can  be  used  as  abutments  for  the  bridge. 

The  structural  design  of  the  box  inlet  drop  spillway  is  more  complex 
than  for  straight  drop  spillways. 

Island-type  spillway.^/ . - - The  island-type  spillway  consists  of 
a drop  structure  in  the  channel  with  earth  emergency  spillways  for 
carrying  storm  flow  around  the  structure.  Either  the  straight 
drop  spillway  or  the  box  inlet  drop  spillway  can  be  used.  When 
the  weir  length  of  the  structure  is  greater  than  the  bottom  width 
of  the  channel,  the  box  inlet  drop  spillway  should  be  considered. 

This  type  of  spillway  is  adaptable  for  use  at  the  head  end  of 
channels  to  control  the  overfall.  It  is  particularly  adapted  to 
site  conditions  where  the  design  runoff  volume  is  greater  than  the 
capacity  of  the  outlet  channel  into  which  the  structure  empties. 

The  use  of  this  type  of  grade  control  structure  is  limited  to  areas 
where  there  is  sufficient  nearly  level  land  on  either  side  of  the 
channel  for  use  as  earth  spillways.  Topography  of  the  ground  must 
be  such  that  the  path  of  overflow  around  the  structure  will  return 
to  the  channel  locations  a short  distance  below  the  structure  without 
causing  damage  to  the  land  or  channel  banks. 

The  island-type  spillway  is  proportioned  so  that  the  channel  will 
be  full  before  the  overflow  around  the  dam  enters  the  channel, 
thereby  eliminating  the  possibilities  of  bank  erosion  from  flow 
over  the  bank.  To  accomplish  this,  the  crest  of  the  weir  must  be 
set  below  the  bottom  elevation  of  the  earth  spillway,  a distance 
sufficient  to  provide  a weir  notch  capacity  between  these  two 
points  equal  to  the  bank  full  capacity  of  the  channel  at  the  place 
where  the  flow  from  the  auxiliary  spillway  will  enter  the  channel. 
Larger  flows  will  then  pass  around  the  earth  embankment  of  the  drop 
spillway  forming  an  island  composed  of  the  drop  spillway  and  the 
headwall  extension  levees.  The  waterway  above  the  structure  must 
have  the  same  capacity  as  the  channel  below  the  dam  at  the  point  of 
overflow.  The  island  spillway  should  be  so  proportioned  that  earth 
spillways  will  begin  to  flow  as  soon  as  the  channel  capacity  flow 
has  been  reached.  In  order  to  force  overflow  water  away  from  the 
dam  and  protect  the  fill  from  washing  out  around  the  dam,  levees 
extending  each  way  from  the  dam  must  be  provided. 

The  island-type  structure  permits  the  use  of  a spillway  having  a 
capacity  less  than  would  be  required  to  handle  the  total  runoff  peak 
discharge.  It  requires  the  construction  of  auxiliary  spillways  in 
areas  that  may  be  cropland  where  maintenance  of  the  correct  grade 
and  elevation  is  difficult. 
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Concrete  chute  spillway— ^ ^ . - - The  concrete  chute  is  parti- 

cularly adapted  to  high  overfalls  where  a full  flow  structure  is 
required  and  where  site  conditions  do  not  permit  the  use  of  a 
detention-type  structure. 


Chutes  may  be  more  economical  than  drop  inlet  structures  of  the 
same  capacity  and  drop  when  larger  capacities  are  required. 


Closed  Conduit  Structures 

Hooded  inlet  spillway— - - The  hooded  inlet  spillway  is  best 
adapted  for  use  at  sites  where  the  pipe  can  be  installed  in  the 
original  ground.  Construction  is  complicated  when  the  pipe  is 
placed  in  the  embankment. 


The  hooded  inlet  spillway  will  flow  completely  full  for  conduit 
slopes  up  to  36  percent  (the  limit  of  present  tests)  if  the  length 
of  the  hood  is  properly  selected  and  the  head  on  the  inlet  is 
sufficient.  As  compared  with  the  drop  inlet,  it  has  the  advantage 
that  no  riser  is  required  and  there  is  less  fill  over  the  pipe. 

It  is  simple  to  fabricate  and  install  and  is  comparatively  low 
in  cost. 


Drop  inlet  spillway— - - The  drop  inlet  is  an  efficient  structure 
in  the  control  of  relatively  high  heads.  It  is  well  adapted  to  sites 
providing  an  appreciable  amount  of  temporary  storage  above  the  inlet. 
It  may  also  be  used  in  connection  with  relatively  low  heads,  as  in 
the  case  of  a drop  inlet  on  a road  culvert. 


For  high  heads,  drop  inlets  require  less  material  than  a drop  spill- 
way under  similar  circumstances.  Where  an  appreciable  amount  of 
temporary  storage  is  available,  the  capacity  of  the  structure  can 
be  materially  reduced.  Besides  affecting  a reduction  in  cost,  this 
reduction  of  discharge  results  in  a lower  peak  channel  flow  below, 
and  can  be  a favorable  factor  in  channel  grade  stabilization  and 
flood  control. 


Drop  inlets  are  subject  to  plugging  by  debris.  They  are  limited 
to  locations  where  satisfactory  earth  embankments  and  emergency 
spillways  can  be  constructed. 

Culvert  drop  boxitA^ . - - Drop  boxes  are  used  to  control  gradients 
above  culverts  in  either  natural  or  constructed  channels  and,  in 
addition,  they  may  serve  as  an  outlet  structure  for  tile  lines  in 
drainage  systems.  Cattle  ramps  can  be  incorporated  into  the  design 
of  the  box  when  the  culvert  is  used  as  a cattle  pass.  The  drop  box 
is  very  effective  for  roadway  erosion  control. 


The  drop  box  is  one  of  the  most  economical  structures  for  con- 
trolling overfalls  because  the  existing  culvert  and  roadway 
embankment  replaces  the  outlet  portion  of  the  typical  drop  spill- 
way. It  has  the  advantage  of  the  box  inlet  drop  spillway  in  that 
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weir  length  can  be  fitted  to  a narrow  waterway. 

Other  Structures 


General 


A comprehensive  channel  design  frequently  requires  the  incorporation 
of  one  or  more  of  the  following  structures  and/or  practices: 

1.  channel  crossings; 

2.  channel  junction  structures; 

3.  side  inlet  structures; 

4.  water  level  control  structures. 

Channel  Crossings 

Channel  crossings  are  required  where  private  or  public  roadways  pass 
over  the  channel.  Structures  used  for  this  purpose  are  stream  fords, 
culverts,  and  bridges. 

Stream  fordsif^/ . • - - Stream  fords  are  installed  on  the  channel 
surface.  They  provide  the  most  economical  type  of  crossing.  They 
can  be  constructed  of  reinforced  concrete,  compacted  rock,  or  broken 
concrete . 

Stream  fords  are  best  suited  for  use  in  the  upper  ends  of  channels. 
They  should  not  be  installed  where  deep  flows  of  long  duration  will 
prevent  normal  use. 

Culverts.  - - Culverts  of  concrete  or  metal  pipes  also  provide  an 
economical  crossing  when  used  at  locations  where  the  flow  is 
relatively  small,  and  where  serious  resistance  to  the  flow  of 
water  is  not  a limiting  factor  in  overall  channel  design.  For 
hydraulic  design,  see  page  6-29  of  . 

Bridges.  - - Bridges  of  concrete  or  timber  should  be  used  when 
necessary  on  most  open  channels  that  are  designed  to  capacity  on 
low  gradients.  Since  they  do  not  offer  serious  resistance  to  the 
flow  of  water,  they  are  preferred  over  culverts,  especially  for 
high  flows.  For  hydraulic  design,  see  page  6-32  of  — . 

Channel  Junction  Structures 


Where  two  main  channels  join,  wave  formation  can  be  minimized  if 
the  two  flows  at  the  junction  are  as  nearly  parallel  as  possible. 
The  design  criteria  for  structures  at  a junction  of  2 trapezoidal 
or  2 rectangular  channels  is  shown  on  Fig.  5-1. 
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Side  Inlet  Structures 


Provisions  should  always  be  made  for  lowering  surface  water  from 
adjoining  fields  to  the  main  channel  without  serious  erosion. 

Pipe  spillways,  drop  spillways,  and  chutes  are  the  more  common 
types  of  structures  used  for  side  inlets. 

Side  inlet  structures  should  empty  into  areas  recessed  in  the  banks 
of  the  main  channel.  Construction  in  this  manner  will  minimize 
damage  by  the  movement  of  floodwater,  debris,  or  ice,  and  also 
will  cause  less  retardance  of  flow  in  the  main  channel. 

Pipe  spillways^-/.  - - Pipe  spillways  can  be  used  advantageously 
to  convey  water  from  bank  of  levees  and  continuous  spoil  banks  into 
a channel.  The  hooded  inlet  is  most  efficient  where  discharge  capa- 
city is  a problem.  The  flared  inlet  is  less  efficient  but  facili- 
tates the  passing  of  debris  such  as  corn  stalks  and  grasses.  The 
pipe  drop  inlet  is  efficient  and  can  be  used  as  a tile  outlet. 

When  the  required  pipe  size  exceeds  48-inches  in  diameter,  an  open 
top  structure  should  be  considered  for  economy. 

Drop  sp illway sib§/ . - - Drop  spillways  are  generally  used  where  the 
volume  of  water  to  be  handled  is  large.  They  can  be  used  as  a tile 
outlet  structure.  The  drop  spillway  fits  conditions  where  there  is 
no  spoil  bank  and  functions  well  at  the  head  end  of  a channel. 

Reinforced  concrete  chutes-!i§/ . - - Concrete  chutes  function  well 
where  the  volume  of  water  to  be  handled  is  large  and  the  overfall 
is  such  that  a drop  spillway  will  not  be  economical. 

Vegetated  chute!i§/.  - - This  type  of  chute  should  be  limited  to 
small  watersheds  and  sites  where  good,  dense  sod  can  be  developed 
and  maintained.  The  water  course  below  the  chute  must  be  stable. 

When  the  channel  below  the  chute  is  narrow  or  conditions  at  the 
lower  end  of  the  chute  may  not  be  favorable  to  establish  and  main- 
tain vegetation  because  of  poor  soil  or  rocky  or  wet  conditions  or 
siltation  from  adjacent  channels  or  streams,  a toewall  should  be 
used.  The  toewall  will  raise  the  end  of  the  sod  chute  above  these 
unfavorable  conditions  and  permit  the  maintenance  of  a good  vegeta- 
tion. The  toewall  is  a small  drop  spillway  with  a headwall  generally 
1 to  2 feet  in  height. 

A vegetated  chute  is  economical  since  material  and  construction 
costs  are  generally  low.  Use  is  limited  to  sites  where  the  velocity 
of  flow  in  the  chute  is  low  enough  to  maintain  the  vegetative  cover. 
This  generally  limits  the  use  of  vegetated  chutes  to  small  water 
courses  with  low  overfalls  where  there  is  no  long,  sustained  flow. 
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Riprap  chute^-§/.  - - A rock  riprap  chute  provides  a more  stable 
outlet  than  a vegetated  chute.  The  use  of  native  rock  may  make  it 
less  expensive  than  a pipe  or  concrete  structure  of  comparable  size. 
It  is  a permanent  type  facility  requiring  less  maintenance  than  a 
vegetated  chute. 

Rock  riprap  lined  chutes  are  limited  to  areas  where  suitable 
durable  cobbles  or  rock  are  available  for  construction.  It 
requires  careful  adherence  to  the  basic  details  of  design  in  their 
construction  to  obtain  satisfactory  performance  and  stability. 

Gabion  chute.,4 . - - The  gabion  chute  is  similar  to  the  riprap 
chute  except  that  the  rock  is  placed  in  wire  baskets.  It  is  parti- 
cularly adaptable  to  unstable  foundation  conditions  because  of  its 
ability  to  adjust  and  retain  its  general  section  with  displacement 
or  compression  of  the  foundation.  The  opportunity  to  fill  it  with 
native  rock  and  cobbles  makes  its  cost  favorable  in  comparison  with 
reinforced  concrete.  Generally,  by  the  time  the  long-lasting  wire 
baskets  deteriorate,  the  structure  will  be  so  well  established  and 
bound  together  that  it  will  remain  indefinitely  without  the  need 
for  added  protection. 

Water  Level  Control  Structures-^—/ 

Water  level  control  structures  are  used  to  regulate  and  maintain 
water  in  channels  for  water  table  control  or  for  flooding  land  sur- 
faces. The  control  is  accomplished  by  use  of  gates  or  stop  logs 
that  can  be  fitted  into  several  types  of  structures.  The  most  common 
types  used  are  drop  spillways,  box  inlets  or  culverts,  and  open 
flumes . 


Design  Features  Related  to  Maintenance 

Channels  must  be  properly  maintained  to  function  as  designed. 
Maintenance  can  be  made  easier  and  more  effective  if  certain 
features  are  incorporated  in  the  design,  —f 

Added  Depth  or  Capacity  for  Deposition 

Allowance  should  be  made  in  the  design  for  initial  sloughing  and 
sedimentation.  Quite  often  during  the  first  year  after  construction, 
the  channel  bottom  will  be  raised  from  sloughings  left  by  construction 
equipment.  Soil  and  seepage  conditions  affect  bank  sloughing  and 
silting.  The  sedimentation  problem  must  be  considered  in  the  design 
so  that  depth  and  capacity  will  be  provided  over  a period  of  years  in 
line  with  economy. 
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Relationship  of  Side  Slopes  to  Maintenance  Methods 

The  slope  of  channel  banks  may  be  dependent  on  the  type  of  main- 
tenance as  well  as  on  soil  conditions;  for  example.  3:1  slopes  or 
flatter  are  usually  needed  for  banks  to  be  mowed. 

Berms 


Berms  may  be  used  to  facilitate  maintenance  by: 

1.  Preventing  material  from  washing  or  rolling  into  the  channel. 

2.  Providing  work  areas  and  facilitating  spreading  of  spoil  banks. 

3.  Providing  access  roadways. 

Berm  design  may  follow  the  general  practice  of  the  locality  where 
the  channel  is  to  be  constructed,  provided  proper  loading  and  soil 
conditions  are  used.  Guidance  to  minimum  berm  widths  is  given  on 
NEH,  Section  16 i£/ , page  6-19,  and  National  Standard  and  Specifica- 
tion Guide  for  Dikes  and  Levees. 

Maintenance  Roadways 

Roadways  should  be  provided  for  access  to  the  channel  with  main- 
tenance equipment  and  for  inspection.  They  can  be  located  on 
berms,  spoil  banks,  or  levees.  On  channels  in  excess  of  20 1 top 
width,  roadways  may  be  required  on  both  sides  of  the  channel. 

The  roadway  should  be  wide  enough  to  handle  all  maintenance 
equipment  and  should  slope  away  from  the  channel. 


Spoil 

It  is  good  practice  to  spread  spoil  banks  to  the  extent  that  they 
can  be  maintained  properly  and  can  be  used  in  the  same  manner  as 
the  adjoining  area.  The  degree  to  which  the  spoil  is  spread  depends 
upon  the  local  conditions.—' 

Entrance  of  Side  Surface  Water  to  Channel 


Side  surface  water  should  not  be  allowed  to  spill  over  the  channel 
bank  without  protection.  Interception  ditches  should  be  provided 
to  control  local  drainage  on  the  land  side  of  the  berms  or  spoil 
banks  throughout  the  length  of  the  project.  These  ditches  should 
be  graded  toward  collection  points  to  drain  into  the  channel 
through  lined  chutes,  pipe  drops  and  culverts,  or  over  drop 
spillways . 
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Seeding 

The  berms  and  spoil  should  be  seeded.  Quite  often  the  channel  side 
slopes  are  also  seeded.  The  extent  to  which  seeding  is  done  depends 
upon  the  location  of  the  channel  and  local  desires.  Side  slope 
seeding  is  accepted  as  good  practice,  particularly  when  flat  side 
slopes  are  used  so  that  both  seeding  and  maintenance  can  be  done 
economically . 

Pilot  Channels 


Occasionally  pilot  channels  are  used  to  facilitate  construction  of 
a channel  system  as  designed.  The  principal  function  of  a pilot 
channel  is  to  lower  the  water  table  sufficiently  to  permit  deeper 
excavations  to  be  made  with  greater  safety  and  economy.  This  is 
accomplished  by  excavating  the  pilot  channel  as  deep  below  the 
water  table  as  practical  without  causing  excessive  sloughing  of 
the  banks.  Construction  is  then  deferred  until  the  water  table 
is  lowered  and  the  banks  become  more  stable. 
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GLOSSARY  OF  SYMBOLS 


A - alignment  factor  to  adjust  the  basic  velocity  because  of  the 
effects  of  curvature  of  the  channel. 

r\ 

A - area  of  flow.  (ftz) 
b - bottom  width  of  a channel  (feet), 
b-j  - water  surface  width  (feet). 

B - bank  slope  factor  to  adjust  the  basic  velocity  because  of  the 
effects  of  different  bank  slopes. 

C - sediment  concentration  in  parts  per  million  by  weight. 

C^,  0o,  C^,  C^,  - coefficients  used  to  determine  channel  propor- 

tions and  slope  when  using  the  modified  regime 
equations . 

Cg  - Density  factor  to  adjust  the  basic  velocity  because  of  variations 
in  the  density  of  soil  materials  in  the  channel  boundary. 

cm  ~ cohesion  intercept  at  natural  moisture  (psf). 

d - depth  of  flow  (feet). 

dc  - critical  depth  of  flow  (feet). 

d - mean  depth  of  flow  (feet), 
m v 

D - depth  factor  to  adjust  basic  velocity  because  of  the  effects 
of  the  depth  of  flow. 

Dg  - the  particle  diameter  of  which  s%  of  the  sample  is  smaller. 

F - frequency  factor  to  adjust  the  basic  velocity  because  of  the 

effect  of  infrequent  flood  flows. 

V 

F - Froude  number  = 

/gdm 

g - acceleration  due  to  gravity  (fps2). 

G - specific  gravity. 

Hc  - depth  of  tension  crack  (feet). 

ks  - characteristic  length  of  roughness  element,  for  granular  material. 
kg  = D&5  size  in  feet. 
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K - coefficient  modifying  tractive  force  for  gravitational  forces 
on  coarse,  noncohesive  materials  on  channel  sides. 

n - Manning’s  coefficient. 

n - Manning's  coefficient  for  roughness  of  soil  grains. 

P - wetted  perimeter. 

PI  - Plasticity  index. 

- unconfined  compressive  strength. 

Q - discharge  (cfs) . 

Qs  - sediment  transport  rate  (tons/day). 

R - hydraulic  radius  - feet 

Rc  - radius  of  curvature  of  central  section  of  compound  curve. 

Rt  - hydraulic  radius  associated  with  grain  roughness  of  the  soil. 
sQ  - slope  of  channel  bottom. 
sc  - critical  slope. 
sg  - energy  gradient 

st  - rate  of  friction  head  loss  because  of  tractive  stress  acting 
on  bed  and  side  materials. 

V - average  velocity  (fps) . 

V_  - allowable  velocity  (fps). 

- basic  velocity  (fps). 

Vc  - critical  velocity  (fps) . 

W - average  width  of  flow  - ft. 

- top  width  of  flow  - ft. 
x - factor  describing  effect  of  ratio 
z - cotangent  of  side  slope  angle. 

T - factor  to  correct  allowable  tractive  force  for  materials 
with  D75  > 0.25"  for  unit  weights  different  than  160  pcf. 


on  flow  resistance. 
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unit  weight  of  water  (pcf ) . 
dry  unit  weight  (pcf). 
moist  unit  weight  (pcf) . 

unit  weight  of  particles  larger  than  0.25"  (pcf). 
unit  weight  of  water  (62.4  pcf). 
thickness  of  laminar  sublayer  = 

angle  of  shearing  resistance, 
angle  of  shearing  resistance  at  natural  moisture  content, 
angle  of  repose  of  coarse  noncohesive  materials, 
kinematic  viscosity  of  water  (ft2/sec). 
water  density  (lb-sec2/f t4) . 
reference  tractive  stress  (psf ) . 

tractive  stress  in  an  infinitely  wide  channel  (psf) . 
maximum  tractive  stress  on  the  channel  bed  (psf). 

maximum  tractive  stress  on  the  channel  sides  (psf). 

maximum  tractive  stress  on  the  bed  in  a curved  reach  (psf). 

maximum  tractive  stress  on  the  sides  in  a curved  reach  (psf). 

allowable  tractive  stress  along  the  bed.  (psf) 
allowable  tractive  stress  along  the  sides  (psf). 


/p[ 


11.6v 

s 

t e 


6-90 


REFERENCES 


1.  Mariner,  H.  A.  - "Tidal  Datum  Planes",  U.  S.  Coast  and  Geodetic 

Survey  Special  Publication  No.  135;  Gov.  Printing  Office, 
Rev.  1951. 

2.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  16,  Drainage. 

3.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  6,  Structural  Design. 

4.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  11,  Drop  Spillways. 

5.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  8,  Engineering  Geology. 

6.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  9,  Foundations  and  Earth  Structures. 

7.  ASAE  - Spec.  Pub.  SP-SW-0262,  Measuring  Saturated  Hydraulic 

Conductivity  of  Soils. 

8.  Bureau  of  Reclamation  - Earth  Manual,  First  Edition,  Denver, 

Colo . , 1960 . 

9.  Flaxman,  E.  M.  - Channel  Stability  in  Undisturbed  Cohesive 

Soils;  ASCE  Hyd.  Paper  No.  3462,  March  1963. 

10.  Middleton,  H.  E.  - Properties  of  Soils  Which  Influence  Soil 

Erosion;  USDA  Technical  Bulletin  No.  178,  March  1930. 

11.  Smerdon,  E.  T. , and  Beasley,  R.  P.  - Critical  Tractive  Forces 

in  Cohesive  Soils;  Missouri  Agricultural  Experiment 
Station,  Journal  Series  No.  2082,  1959. 

12.  United  Nations  Economic  Commission  for  Asia  and  the  Far  East  - 

River  Training  and  Bank  Protection;  Flood  Control  Series 
No.  4,  Bangkok,  1953. 

13.  Simons,  D.  B.,  Richardson,  E.  V.  , and  Haushild,  W.  L.  - Some 

Effects  of  Fine  Sediment  on  Flow  Phenomena;  USGS  Water 
Supply  Paper  1498-G,  1962. 

14.  Leliavsky,  Serge  - An  Intorduction  to  Fluvial  Hydraulics; 

257  pp. , Constable  and  Co.,  Lt.,  London,  1955. 


I 


' 


6-91 


REFERENCES  (Continued) 


15.  Lane,  E.  W. , and  Borland,  W.  M.  - River  and  Bed  Scour  During 

Floods;  Trans.  ASCE,  Vol.  119,  1954;  pp . 1954;  pp.  1067. 

16.  Kuenen,  Ph.  H.  - "Sand";  Scientific  American,  April  1960; 

pp.  95-110. 

17.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  4,  Hydrology,  Part  1,  Watershed  Planning. 

18.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  15,  Irrigation. 

19.  U.  S.  Weather  Bureau  - Technical  Paper  No.  40,  Rainfall 

Frequency  Atlas  of  the  United  States. 

20.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  5,  Hydraulics. 

21.  SCS-TP-61  - Handbook  of  Channel  Design  for  Soil  and  Water 

Conservation;  March  1947. 

22.  SCS-TP-106  - Hydraulic  Design  of  the  Box  Inlet  Drop  Spillway, 

July  1951. 

23.  Hydraulic  Model  Studies  for  Whiting  Field  Naval  Air  Station. 

24.  Fortier,  S.  F.,  and  Scobey,  F.  C.  - "Permissible  Canal  Vel- 

ocities"; American  Soc.  Civ.  Engin.  Trans.  89,  p.  940- 
956. 

25.  Lane,  E.  W.  - "Progress  Report  on  Results  of  Studies  on  Design 

of  Stable  Channels";  Hydraulic  Laboratory  Report  No. 
Hyd-352,  June  1952;  U.  S.  Bureau  of  Reclamation. 

26.  "Standards  for  Permissible  Non-Eroding  Velocities";  Bureau  of 

the  Methodology  of  the  Hydro-Energo  Plan;  Gidrotekh- 
niches  Koye  Stroitel * stvo , Obedinennoe  Nanchno-  Tekhnich- 
eskoe  12  dated* stvo.,  Moscow,  USSR,  May  1936. 

27.  Einstein,  H.  A.  - "The  Bedload  Function  for  Sediment  Trans- 

portation in  Open  Channel  Flow";  USDA  Tech  Bull.  No. 

1026,  Sept.  1950. 

28.  Ning  Chien  - Meyer-Peter  Formula  for  Bedload  Transport  and 

Einstein  Bedload  Function;  Univ.  Cal.  Inst.  Eng.  Research, 
M.  R.  D.  Sediment  Series  No.  7,  March  1954. 


6-92 


REFERENCES  (Continued) 


29.  Shulits,  Samuel  - The  Schoklitsch  Bedload  Formula;  Engr.  J. 

139,  1935;  p.  644-646,  687. 

30.  Colby,  B.  R. , and  Hubbell  - "Simplified  Methods  for  Computing 

Total  Sediment  Discharge  with  the  Modified  Einstein  Pro- 
cedure"; USGS  Water  Supply  Paper  1593;  1961. 

31.  Dawdy,  D.  R.  - "Depth-Discharge  Relations  of  Alluvial  Streams- 

Discont inuous  Rating  Curves,"  USGS  Water  Supply  Paper 
1498-C , 1961. 

32.  Horton,  R.  E.  - "Separate  Roughness  Coefficients  for  Channel 

Bottom  and  Sides,"  Eng.  News-Record,  Vol.  Ill,  No.  22; 
pp.  652-653;  Nov.  30,  1933. 

33.  King,  Horace  Williams  and  Brater,  Ernest  F.  - Handbook  of 

Hydraulics;  McGraw-Hill  Pub.  Co.;  1963. 

34.  Taylor,  Donald  W.  - "Fundamentals  of  Soil  Mechanics,"  John 

Wiley  & Sons. 

35.  Nilmar  Janbu  - "Stability  Analysis  of  Slopes  with  Dimensionless 

Parameters";  Harvard  Soil  Mechanics  Series  No.  46. 

36.  Justin,  Hinds  and  Creager  - "Engineering  for  Dams";  Vol.  Ill; 

John  Wiley  & Sons. 

37.  Bishop  and  Bjerrum  - "The  Relevance  of  the  Triaxial  Test  to 

the  Solution  of  Stability  Problems",  from  Research  Conference 
on  Shear  Strength  of  Cohesive  Soils,  University  of  Colorado, 
June  1960;  pp.  437-501. 

38.  Bennett,  P.  T.  - "The  Effect  of  Blankets  on  Seepage  Through 

Pervious  Foundations";  ASCE  Trans.  Vol.  Ill,  1946, 
page  215. 

39.  Agricultural  Research  Service  - "Study  and  Investigations  of 

Use  of  Materials  and  New  Designs  and  Methods  in  Public 
Works";  Committee  Print  No.  6,  87th  Congress,  2nd  Session; 

U.  S.  Gov.  Printing  Office,  Washington,  D.  C. ; 1962. 

40.  Parsons,  D.  A.  - "Vegetative  Controls  of  Streambank  Erosion." 

41.  Bondurant,  D.  C.  - "Channel  Rectification  Structures." 


6-93 


REFERENCES  (Continued) 


42.  Gildea,  A.  P.  - "Design  Practice  for  Levee  Revetment  on  West 

Coast  Intermittent  Streams." 

43.  Department  of  Public  Works,  State  of  California  - "Bank  and 

Shore  Protection  in  California  Highway  Practice";  Nov. 

1960. 

44.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  14,  Chute  Spillways. 

45.  Soil  Conservation  Service  - "Conservation  Irrigation"; 

Agriculture  Handbook  No.  107. 

46.  Beauchamp,  K.  H.  - "Structures  in  Soil  and  Water  Conservation"; 

Soil  Conservation  Service,  E&WP  Unit,  Milwaukee,  Wisconsin. 

47.  Linder,  W.  M.  - "Stabilization  of  Stream  Beds  with  Sheet 

Piling  and  Rock  Sills." 

48.  Vanoni,  V.  A.  and  Brooks,  N.  H.  - "Laboratory  Studies  of  the 

Roughness  and  Suspended  Load  of  Alluvial  Streams," 

U.  S.  Army  Corps  of  Engineers  - Missouri  River  Division 
Sediment  Series  No.  11,  December  1957. 

49.  Chien,  N.  - "A  Concept  of  the  Regime  Theory",  Transactions, 

ASCE,  Vol . 122,  Paper  No.  2884,  1957,  pp.  785-793. 

50.  Blench,  J.  - Mobile-Bed  Fluviology,  University  of  Alberta, 

Dept,  of  Technical  Services,  1966. 

51.  Simons,  D.  B.  and  Albertson,  M.  L.,  "Uniform  Water  Conveyance 

Channels  in  Alluvial  Material,"  Transactions,  ASCE, 

Vol.  128,  Part  1,  Paper  No.  3399,  1963,  pp.  65-107. 

52.  Soil  Conservation  Service  - National  Engineering  Handbook, 

Section  3,  Sedimentation. 


247-927  0-78-16 


TABLE  OF  CONTENTS: 


CHAPTER  7 - ENVIRONMENTAL 


CONSIDERATIONS  IN  CHANNEL 
DESIGN,  INSTALLATION,  AND 
MAINTENANCE 


Introduction  7-1 

Scope 7-1 

Wildlife  Resources  7-2 

Fish  Resources 7-2 

Recreation  Resources  7-5 


Protection  and  Enhancement  Techniques  and  Measures  . . . 7-8 


Design 7-8 

CHAPTER  7 - APPENDIX  A 

Evaluating  Channels  for  Recreation  Developments 7-17 

Chart 7-18 

Sample  Worksheet  7-19 

CHAPTER  7 - APPENDIX  B 

Fish  Stream  Investigation  Guide  (Sample)  7-20 

CHAPTER  7 - APPENDIX  C 

Poor  Quality  Recognition  Guide  7-29 

CHAPTER  7 - APPENDIX  D 


Habitat  Requirements 


7-30 


7-1 


Chapter  7 


ENVIRONMENTAL  CONSIDERATIONS 
IN 

CHANNEL  DESIGN,  INSTALLATION,  AND  MAINTENANCE 


Introduction 


A channel  improvement  project  causes  a change  in  the  surrounding 
environment.  The  change  may  be  abrupt  or  gradual;  localized  or  broader 
in  impact;  biological,  social,  or  cultural  in  nature.  Whatever  the  changes 
they  must  be  recognized  and  considered  in  arriving  at  the  decision 
to  modify  a channel.  The  optimum  channel  improvement  project  is 
one  that  is  based  upon  a careful  assessment  of  the  functional  demands 
of  the  project,  the  needs  for  protection  and  enhancement  of  affected 
resources,  and  a justification  that  considers  environmental  and  economic 
values. 

The  information  presented  here  provides  guidance  for  the  proper  recognition, 
protection,  and  enhancement  of  the  affected  fish,  wildlife  and  recreation 
factors,  during  the  planning,  design,  installation,  and  maintenance 
of  channel  projects. 


The  decision  to  develop  a channel  project  will  be  made  only  after  careful 
consideration  of  the  impact  of  the  project  upon  the  environment. 

Once  the  decision  has  been  made  that  a channel  project  is  necessary, 
it  is  then  equally  important  that  the  channel  designer,  builder,  and 
those  responsible  for  maintenance  recognize  the  environmental  factors 
that  may  be  affected  by  the  project.  All  those  involved  must  know 
the  techniques  and  measures  available  to  protect  and  enhance  these 
environmental  values.  This  is  the  primary  purpose  for  the  material 
that  follows. 

Fish,  wildlife  and  recreation  factors  are  listed  and  described.  Addi- 
tional factors  will  need  to  be  identified  in  local  areas.  The  factors 
have  not  been  rated  or  priorities  assigned.  This  is  the  job  of  the  appropriate 
specialist;  i.e.,  engineer,  biologist,  forester,  agronomist,  range  conserva- 
tionist, geologist,  recreation  specialist,  landscape  architect,  naturalist, 
etc.  The  development  of  the  design  requires  a joint  effort  by  all  the 
concerned  disciplines  and  the  sponsors  of  the  project.  The  final  product 
then  will  result  in  minimized  detrimental  effects  and,  when  possible, 
in  the  enhancement  of  some  of  the  factors.  There  may  be  occasions 
when  the  decision  to  install  a channel  project  may  have  to  be  reconsidered 
after  all  the  factors  are  carefully  evaluated. 

The  techniques  and  measures  are  presented  to  provide  guidance  in 

the  development  of  the  project  in  a manner  that  will  protect  or  enhance  the 


Scope 
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environmental  factors  identified  as  being  affected  by  the  project.  These 
techniques  and  measures  are  not  criteria.  The  features  or  factors  under 
consideration  in  a given  area  generally  will  dictate  the  criteria  for 
the  project.  The  designer,  builder,  and  those  responsible  for  maintenance 
in  their  use  of  the  various  techniques  and  measures  must  constantly 
be  aware  of  the  functional,  economical  and  environmental  aspects  of 
the  project. 

The  functional  and  economic  aspects  of  a project  cannot  be  separated 
from  the  environmental  aspects.  Drainage,  flooding,  vector  and  phrea- 
tophyte  problems,  and  the  economical  aspects  related  to  these  problems, 
also  are  critical  "environmental  factors."  They  must  be  given  consid- 
eration at  the  time  the  decision  is  made  on  the  need  for  a channel. 

A.  Wildlife  Resources 


The  fundamental  needs  of  wildlife  are  food,  cover,  and  water. 

Food  is  needed  at  all  seasons  of  the  year,  but  the  types  of  food 
vary  between  seasons.  Spring  nesting  and  winter  escape  cover 
are  critical  items  for  most  species.  Seldom  can  a wildlife  species 
find  its  needs  in  a single  vegetative  type.  Thus,  a mixing  or  inter- 
spersion  of  vegetative  types  is  important  within  the  daily  cruising 
range  of  a particular  species.  One  or  more  important  elements 
of  wildlife  habitat  always  are  found  along  or  adjacent  to  streams. 
Frequently,  critical  woody  cover  is  present  next  to  the  stream. 

The  needs  for  food,  cover,  and  water  vary  depending  upon  the  species. 
Guidelines  for  meeting  these  needs  should  be  established  by  States 
or  areas.  (See  Appendix  D.  for  sample.) 

B.  Fish  Resources* 

1.  Water  quality  is  a limiting  factor  for  fish  production.  The 
individual  States  have  established  water  quality  standards 
in  line  with  national  guidelines.  The  following  items  affect 
fish  species  suitability,  production,  and  survival. 

a.  Temperature  is  an  important  physical  factor.  Summer 
water  temperatures  commonly  vary  as  much  as  10  in 
a 24-hour  period.  In  general,  summer  temperatures  should 
be  between  50  to  70  for  cold-water  species.  Egg  hatching 
success  is  best  for  trout  between  45  to  55  . Warm-water 
species  need  summer  temperatures  between  70  to  90  . 

Removal  of  shade  tends  to  raise  water  temperatures  while 
the  maintenance  of  vegetation  for  shade  may  keep  the 
water  cooler.  Water  temperature  is  raised  when  velocity 
and  depth  are  reduced.  Water  temperature  may  be  affected 
by  release  of  water  from  upstream  impoundments. 


* See  Appendices  B and  C for  Fish  Stream  Investigation  Guides. 
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b.  Turbidity  caused  by  inorganic  material,  such  as  clay,  is 
detrimental  to  fish  production.  Such  material  destroys 
spawning  areas  by  sedimentation  and  reducing  growth 

of  bottom  organisms.  Adult  fish  generally  can  withstand 
high  levels  of  turbidity  for  short  periods  of  time,  but  pro- 
longed exposure  may  cause  mortality. 

It  is  reported  that  turbidity  as  high  as  Z45  mg/L  is  not 
harmful  to  fish.  In  fact,  fish  thrive  in  water  with  turbidities 
that  range  over  400  mg/L  and  average  200  mg/L.  Turbidities 
of  3,000  mg/L  are  considered  dangerous  to  fish  when  main- 
tained over  a 10-day  period.  Trout  eggs  were  destroyed 
with  2,000  mg/L  turbidity  for  six  days.  Symptoms  of 
fish  stress  appear  as  turbidity  approaches  20,000  mg/L; 
death  between  50,000  and  200,000  mg/L.  At  turbidities 
causing  death,  the  opercular  cavities  were  found  to  be 
matted  with  soil  and  the  gills  had  a layer  of  soil  in  them. 

c.  Oxygen  requirements  for  subsidence  of  fingerling  and 
adult  salmon  and  trout  are  about  6 p.p.m.  dissolved  oxygen. 
Incubating  eggs  require  a minimum  of  8 p.p.m.  Warm- 
water  species  require  about  3 p.p.m.  Water  at  or  near- 
oxygen  saturation,  for  its  temperature  and  elevation, 

is  always  satisfactory.  Oxygen  is  put  into  water  by  direct 
absorption  from  the  atmosphere,  photosynthesis  of  growing 
plants,  and  by  tumbling  action  of  stream  or  waterfalls 
and  turbulence  generated  at  drop  inlets  or  drop  spillways. 
Turbidity,  reduced  flow,  and  non-tumbling  action  reduce 
oxygen. 

d.  Carbon  dioxide  is  another  of  the  basic  factors  determining 
productivity  of  waters.  It  is  necessary  in  photosynthesis 
and  for  keeping  minerals,  such  as  calcium,  in  solution. 

High  carbon  dioxide  levels  reduce  the  ability  of  fish  to 
take  up  oxygen  and  to  dispose  of  carbon  dioxide  from 

the  body.  Concentrations  of  carbon  dioxide  should  be 
kept  below  25  p.p.m. 

Carbon  dioxide  is  put  in  water  by  direct  absorption  from 
the  atmosphere,  decomposing  organic  matter,  and  respira- 
tion of  plants  and  animals.  It  is  removed  by  photosynthesis, 
agitation  of  water,  evaporation,  and  rise  of  bubbles  from 
depths. 

e.  pH  is  a measure  of  the  acid  intensity  in  water.  The  scale 
of  reading  is  from  0 to  14.  Optimum  fish  production  lies 
between  6.5  and  8.5.  Values  below  5 and  above  9 affect 
the  ability  of  fish  to  take  oxygen  from  the  water  source. 
Water  pH  is  changed  if  an  acid  layer  of  soil  is  exposed 

in  stream  bottom  or  sides. 
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2.  These  stream  channel  features  affect  fish  production,  species 
suitability,  and  survival. 

a.  Bottom  Material  - The  bottom  material  of  a stream  is 
important  from  the  standpoint  of  food  production  and 
natural  spawning.  The  following  yield  in  grams  of  food 
per  square  foot  in  terms  of  different  stream  bottom  m 
materials  has  been  recorded:  silt  - 3.07;  cobble  - 2.47; 
coarse  gravel  - 1.51;  fine  gravel  - 0.93;  and  sand  - 0.1. 

Coarse  and  fine  gravel  beds  in  riffles  are  best  for  trout 
to  deposit  their  spawn  successfully.  Most  warm-water 
fish  spawn  in  sand  or  silt  beds  in  water  less  than  3 feet 
deep  and  with  little  or  no  current. 

b.  Water  Types 

(1)  Riffle  - Section  of  stream  containing  gravel  and/or 
rubble,  in  which  surface  water  is  at  least  slightly 
turbulent  and  current  is  swift  enough  that  the  surface 
of  the  gravel  and  cobble  is  kept  fairly  free  from 
sand  and  silt. 

Riffles  are  essential  for  trout  spawning  and  food 
production.  Riffles  should  occur  at  intervals  equal 
to  every  5 to  7 channel  widths.  The  current  in  the 
riffle  should  be  swift  enough  to  carry  away  sediment. 
The  bed  material  in  riffles  should  be  larger  than 
in  pools  so  as  to  provide  for  aeration  of  the  water. 

A water  depth  of  6 inches  is  desirable. 

(2)  Pool— ^ - Section  of  stream  deeper  and  usually  wider 
than  normal  with  appreciably  slower  current  than 
immediate  upstream  or  downstream  areas  and  possess- 
ing adequate  cover  (sheer  depth  or  physical  condition) 
for  protection  of  fish.  Stream  bottom  usually  is 

a mixture  of  silt  and  coarse  sand. 

Pools  are  valuable  as  resting  and  refuge  areas. 

Some  surface  feeding  also  is  done. 

(3)  Flat— ^ - Section  of  stream  with  current  too  slow 

to  be  classed  as  riffle  and  too  shallow  to  be  classed 
as  a pool.  Stream  bottom  usually  composed  of  sand 
and  finer  materials  with  coarse  cobbles,  boulders, 
or  bedrock  occasionally  evident. 

(4)  Cascades  or  Bedrock  - Section  of  stream  without 
pools,  the  bottom  consisting  primarily  of  bedrock 
with  little  cobble,  gravel,  or  other  such  material 
present.  Current  usually  faster  than  in  riffles. 


— Warm-water  streams  normally  contain  only  these  water  types. 
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c.  Stream  Side  Vegetation  - This  item  pertains  to  the  relation 
of  vegetation  to  stream  shade  and  fish  shelter.  Low 
shrubs  and  grasses  provide  shade  for  small  streams,  but 

do  not  over-shade  them.  Such  vegetation  does  not  clog 
streams  by  falling  in  the  water,  and  it  provides  hiding 
cover  for  fish  if  allowed  to  hang  over  the  bank  into  the 
water. 

Trees  are  necessary  for  shade  along  streams  over  30 
feet  wide  since  low  shrubs  and  grasses  shade  only  a small 
portion  of  this  width. 

An  ideal  situation,  along  small  streams,  is  enough  trees 
for  aesthetic  purposes  and  low  shrubs  and  grasses  providing 
shade  and  cover.  Along  large  streams,  trees  for  about 
40  percent  of  the  stream  length,  on  both  sides  should 
be  present.  There  probably  are  situations  where  the 
presence  of  trees  well  back  from  the  water's  edge  furnishes 
shade  almost  as  good  as  comparable  ones  closer  to  the 
stream.  This  would  be  true  especially  on  the  east  side 
of  north-south  flowing  stream  and  the  south  side  of  east- 
west  streams. 

d.  Velocities  - Tolerable  water  velocity  for  fish  is  governed 
by  several  factors,  chiefly,  by  the  species  of  fish,  size 
of  fish,  and  the  distance  and  frequency  of  resting  areas. 
Boulders,  pools,  deflectors,  etc.  provide  resting  areas. 

C.  Recreation  Resources 


There  are  numerous  opportunities  for  recreation  along  and  in 
channels.  Many  of  these  opportunities  have  been  discussed  under 
the  heading  of  wildlife,  fish,  or  aesthetic  resources. 

For  optimum  use  a recreation  resource  must  satisfy  several  key 
factors: 

1.  Proximity  - All  recreation  activities  are  distance-related 
with  respect  to  the  user's  home.  Generally  the  greater  the 
population  within  a 50-mile  radius  (or  an  hour's  drive),  the 
more  the  area  may  be  used. 

2.  Access  - The  public  road  system  needs  to  provide  access 
to  the  potential  recreation  resource.  The  degree  of  access 
of  the  area  can  be  gauged  by  determining  the  portion  that 

is  within  one  mile  of  an  all  weather  road.  Again,  the  greater 
the  degree  of  access  the  more  likely  the  recreation  area 
will  be  used. 
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3.  Ownership  - The  ownership  and  land-use  pattern  of  the  area 
have  a bearing  on  the  potentials  for  developing  recreation 
opportunities.  The  area  must  be  of  sufficient  size  to  support 
a public  recreation  activity.  The  landowner  must  be  interested. 
The  area  will  have  to  be  accessible  to  the  public  for  heavy 
use.  Sometimes  the  resource  will  be  used  by  the  landowner 
and  his  family. 

Specific  factors  for  each  activity  are: 

1.  Fishing  - Stream  fishing  has  a special  quality  for  some  fisherman. 

All  of  the  environmental  factors  listed  under  "Fish  Resources" 
are  essential  if  fishing  opportunities  are  to  be  provided. 

Many  factors  besides  the  abundance  of  fish  and  accessibility  enter 
into  stream  fishing  quality.  The  unique  scenic  setting,  sounds 
of  nature,  the  sight  of  a riffle  or  pool,  the  wooded  reach,  the 
open  meadow,  and  overall  diversity  of  a landscape  are  qualities 
appreciated  by  the  stream  fisherman  and  enjoyed  by  many  others. 
Streams  that  are  partially  brush  and  tree  lined  offer  the  fisherman 
the  opportunity  to  exercise  his  skill. 

2.  Hunting  - Hunting  opportunities  often  are  enhanced  by  the  presence 
of  streams  or  channels.  In  some  localities  the  vegetative  cover 
along  channels  (brush  and  trees)  provides  the  only  cover  available 
for  hunting.  The  brush  and  trees  provide,  for  some  species,  the 
only  avenues  for  hunting,  escape  cover  from  predators,  or  the 
opportunity  for  protected  movement.  The  grasses  and  legumes 
provide  the  essential  nesting  cover  required  for  ample  populations. 

All  of  the  environmental  factors  already  described  under  "Wildlife 
Resources"  are  essential  if  the  hunting  opportunity  is  to  be  established. 

The  combination  of  food,  cover,  and  water  enhances  the  opportunities 
for  hunting  success. 

Channels  and  the  accompaning  marshes  offer  opportunities  to 
hunt  many  species  of  waterfowl,  rail,  and  woodcock.  In  some 
areas  they  provide  the  only  habitat  for  these  species. 

3.  Swimming  - Swimming  in  streams  and  channels  is  an  activity 
practiced  in  many  parts  of  the  country,  particularly  if  ponds  and 
lakes  are  relatively  scarce.  Desirable  environmental  factors  are 
good  water  quality,  pH  between  6.5  and  8.3,  coliform  count  below 
800,  clear  water  with  minimum  in  flow  of  650  gallons  of  water 
per  bather  per  day  (number  of  bathers  7 1,000  = inflow  cfs).  State 
regulations  may  require  higher  standards.  Shade  and  desirable 
soils  (sands)  will  enhance  the  desirability  of  the  area. 

Stream  "pools"  may  be  developed  fully  with  all  facilities  (bathhouse, 
beach,  etc.)  present  or  they  may  be  simply  the  local  swimming 
"hole." 
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Depth  should  be  at  least  5 feet,  greater  if  diving  is  permitted. 

The  shore  line  should  have  a slope  of  less  than  10  percent,  2-4 
percent  is  best. 

4.  Boating  and  Canoeing  - Boating  streams  should  be  at  least  2 feet 
deep  for  rowboats  or  3 feet  for  boats  with  outboard  motors.  A 
good  width  is  at  least  2-1/2  times  the  length  of  boat  allowed. 
Narrower  streams,  however,  can  be  utilized.  Stream  channels 
with  minimum  depths  must  be  free  of  obstructions. 

Canoeing  streams  may  have  depths  as  shallow  as  6 inches  for 
short  stretches  or  18  inches  for  a major  portion.  Canoeists  are 
not  adverse  to  portaging  (carrying)  for  short  stretches  where  water 
is  too  shallow.  Good  widths  are  17  feet,  but  widths  of  6 feet  are 
acceptable.  Some  authorities  recommend  an  average  flow  of 
100  cfs  in  order  to  be  suitable  but  this  is  dependent  upon  depth, 
width,  and  gradient.  While  many  canoeing  streams  have  white 
water  and  pools  in  combination,  flat  water  streams  attract  thousands 
of  users  for  canoeing  and  boating  alike. 

5.  Hiking  and  Walking  - Many  of  the  same  characteristics  that  enhance 
a canoeing  or  boating  stream  are  desirable  for  hiking  along  a stream. 
Cascades,  riffles,  white  water  and  pools,  shrubs  and  trees  with 

a variety  of  color  and  shape  add  to  the  aesthetic  value. 

Over-water  walkways  and  bridges  which  permit  extensive  observation 
are  interesting  features.  A trail  should  be  approximately  4 feet 
in  width,  sufficient  to  allow  two  people  to  walk  side  by  side. 

A grade  of  10  percent  or  less  is  recommended. 

6.  Painting  and  Photography  - The  thousands  of  photographs  and 
paintings  depicting  landscape  scenes  with  streams  attest  to  man's 
interest  in  viewing  his  environment.  Natural  curves,  a variety 

of  landscapes,  water  courses  meandering  through  a variety  of 
vegetative  types  and  vistas  all  provide  professional  and  amateur 
artists  with  ample  subject  matter. 

7.  Camping  - The  environmental  factors  previously  discussed  may 

be  used  as  guides.  Vacation  camping  may  be  a profitable  recreation 
activity  if  other  recreation  opportunities  (fishing,  swimming, 
boating,  etc.)  also  are  available.  Transient  campground  may  be 
feasible  without  these  activities  if  the  size  is  within  3 miles  of 
a major  highway.  In  either  case  the  necessary  land  area  is  10- 
15  acres.  Soils  in  the  area  should  be  suitable  for  septic  tanks 
and  roads.  An  adequate  potable  water  supply  should  be  available. 
Characteristics  that  limit  an  area's  usefulness  for  camp  sites 
are  susceptibility  to  flooding,  impermeable  hardpan  layers,  shallow 
soil  over  bedrock,  restrictions  to  natural  drainage,  erosion  hazard, 
and  inability  to  support  and  sustain  vegetative  cover.  Slopes  should 
be  less  than  15  percent,  preferably  less  than  8 percent. 
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8.  Botanizing  - On  occasion,  an  area  adjacent  to  a water  course 

may  be  of  particular  interest  to  botanists  and  other  nature  lovers. 
The  species  of  plants  may,  but  need  not  be,  of  rare  or  exotic  nature. 

9*  Bird  Watching  - The  environmental  factors  discussed  under  "Wildlife 
Resources"  should  be  used  in  determining  whether  the  opportunities 
for  bird-watching  exists.  The  thousands  of  birdwatchers  in  the 
country  often  visit  water  courses  during  their  bird  counts.  In 
some  areas  the  plant  species  may  compose  a specialized  habitat 
for  a particular  species  of  bird.  Fields  of  one  crop  reduce  the 
number  and  species  using  the  area.  The  shrubs  and  trees  bordering 
a channel  have  added  value  in  crop  areas.  Landscape  variations 
are  much  more  attractive  to  songbirds  than  areas  of  a single  crop. 

10.  Specimen  Collecting  - Artifacts  from  cache  pits  or  Indian  mounds, 
fossils,  decorative  rocks,  or  desirable  mineral  specimens  are  of 
interest  to  a number  of  people,  institutions,  and  agencies. 

Collectors  also  may  find  driftwood,  burntwood,  and  tree  roots 
of  value  or  interest. 

A guide  for  evaluating  channels  for  general  recreation  development 
is  included  in  Appendix  A.  See  Fig.  1 


Protection  and  Enhancement  Techniques  and  Measures 

Design 

1.  Alignment,  Capacity,  and  Grade  - Channels  generally  will 

follow  existing  alignment  except  where  stability,  environmental, 
or  cost  factors  clearly  dictate  an  alternative  course.  For 
instance,  a section  of  the  channel  or  floodway  may  be  relocated 
in  order  to  bypass  important  fish  or  wildlife  habitat. 

Natural  streams  and  constructed  channels  need  to  convey 
water  discharges  of  all  magnitudes  from  base  flow  through 
floodflow  without  significant  damage  to  the  channel  or  to 
fish  habitat.  In  order  to  protect  a desirable  existing  stream 
channel,  higher  frequency  floodflows  could  be  carried  out 
of  banks  or  on  a separate  alignment.  As  the  floodflow  channel 
would  be  dry  most  of  the  time,  it  could  be  designed  to  include 
farming  or  reforestation  within  the  right  of  way. 

Water  often  is  used  as  a receiving  medium  for  various  waste 
discharges  and  yet  its  quality  must  be  maintained  so  that 
it  is  suitable  for  instream  recreational  uses  as  well  as  out 
of  stream  needs  for  municipal  water  supply,  irrigation,  cooling, 
washing,  and  dilution.  Reservoir  releases  of  stored  water 
can  provide  low  flow  augmentation  to  prevent  waste  discharges 
from  exceeding  acceptable  concentrations  and  to  provide 
recreation  and  fish  habitat  water  requirements.  Oxbow  and 
wetland  flood  storage,  with  controlled  releases,  also  can 
be  used  for  this  purpose. 
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CHANNEL  RECREATION  POSSIBILITIES 
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Sediment  loads  delivered  to  the  channel  by  tributary  streams 
or  other  sources  need  to  be  controlled  as  part  of  the  overall 
design.  A stable  channel  has  a limited  sediment  carrying 
capacity  and  downstream  uses  of  the  water  may  necessitate 
further  limitation  of  sediment  load.  Sediment  traps  may 
be  needed  at  delivery  points  or  at  intermediate  points  along 
the  channel  to  provide  the  required  water  quality  and  stability. 

In  certain  reaches,  the  channel  slope  may  need  to  be  flattened 
to  obtain  stability  in  highly  erosive  soils  or  can  be  steepened 
to  make  maximum  use  of  erosion  resistant  soils.  Where  gravel 
armoring  or  riprap  is  needed,  or  just  available,  full  use  should 
be  made  of  its  ability  to  withstand  higher  velocities.  The 
channel  slope  variations  and  rock  protection  will  allow  for 
the  inclusion  of  pools  and  riffles  and  also  provide  control 
of  meander  development. 

2.  Channel  Section  - The  low  flow  channel  cross  section  should 
approach  a natural  stream  condition.  (Figure  2)  The  side 
slopes  and  bottom  width  can  be  allowed  to  vary  to  take  advantage 
of  existing  conditions.  Where  possible,  the  side  slope  on  the 
outside  of  the  channel  curve  could  be  steepened  and  the  side 
slope  on  the  inside  of  the  channel  curve  flattened  to  duplicate 

a naturally  developed  sinuous  waterway.  Use  the  onsite  large 
boulders  in  riprap  sections  or  at  selected  points  for  fish  habitat 
development.  Large  slab  rocks  or  boulders  can  be  used  to 
create  near  vertical  banks  and  on  trout  streams  for  wing 
deflectors  and  bank  cover  devices  to  improve  the  fishing 
potential.  (Figure  3)  The  channel  bottom  width  can  be  varied 
in  conjunction  with  the  bed  slope  to  aid  in  the  development 
of  deep  pools,  cascades,  low  velocity  sections,  and  sections 
of  high  velocity  rips  that  would  simulate  natural  conditions 
and  also  take  advantage  of  localized  variations  of  in-bank 
capacity  and  stability.  Width  restrictions  also  could  be  satisfied 
in  this  manner. 

Figure  4 shows  the  cross  sections,  meander  pattern,  bed 
contours,  and  bottom  profile  that  can  develop  in  a natural 
stream.  The  meander  parameters  shown  are  average  values 
but  could  be  used  for  preliminary  proportioning  and  alignment 
of  a constructed  channel.  Other  factors,  such  as  discharge, 
character  and  amount  of  bed  load,  general  valley  slope  and 
the  resistance  of  bed  and  banks  to  erosion,  also  need  to  be 
considered  to  develop  the  final  layout. 

3.  Spoil  Placement  - Channel  excavation  spoil  should  be  utilized 

in  a manner  most  appropriate  for  the  controlling  reach  conditions. 
In  general,  excavated  materials  should  be  placed  so  as  to 
reduce  to  a minimum  the  required  clearing  and  disturbed 
areas  and  to  provide  wildlife  habitat.  (Figure  5)  The  template 
sections  shown  on  the  drawings  and  the  specifications  should 
provide  guidance  as  to  typical  sections,  approved  spoil  disposal 
methods,  maintenance  limits  and  construction  limits. 
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Seasonal  Impoundment 


Excavate  One  Side  Only 
To  Normal  Flow  Grade 


Cross  Section  B-B 

ONE-SIDED  CONSTRUCTION  FOR  ADJACENT  STREAM  CHANNEL  & FLOOD  FLOW  CHANNEL 


Spoil 


Cross  Section  A-A 

UNDISTURBED  STREAM  CHANNEL  & SEPARATE  FLOOD  FLOW  CHANNEL 


Figure  2 SEPARATE  LOW  FLOW  AND  FLOOD  FLOW  CHANNELS 
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Figure  3 FISH  HABITAT  DEVELOPMENT 
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Figure  4 NATURAL  CHANNEL  - MEANDER  PATTERNS  WITH  POOL  AND  RIFFLE  DEVELOPMENT 
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Figure  5 


SPOIL  BANK  DEVELOPMENT  FOR  WILDLIFE  HABITAT 
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4.  Structural  Measures  - Channels  with  flat  enough  gradients 
so  that  stability  is  not  a design  problem  could,  if  desirable, 
be  laid  out  in  pond-riffle-pool  manner.  The  additional  grade 
provided  by  ponding  would  allow  the  inclusion  of  a series 

of  riffles  and  pools  that  could  add  to  the  fish  habitat.  See  Figure  6. 

5.  Vegetation 

a.  Wildlife  habitat  seedings  and  plantings  can  be  used  outside 
the  channel  section,  on  the  spoil  sections  or  in  odd  corners 
of  suitable  size  where  the  wildlife  potential  can  be  enhanced 
and  the  disturbed  areas  stabilized.  Wildlife  habitat  mitigation 
areas,  when  included,  and  the  normal  habitat  seedings 

can  be  laid  out  in  discontinuous  blocks,  irregularly  sized 
to  provide  a maximum  of  edges. 

b.  Recreation  areas  could  be  selected  for  special  treatment 
that  would  greatly  add  to  the  utility  of  the  project. 

Functional  planting  can  be  used  to  screen  noise  and  direct 
pedestrian  traffic. 

Figure  1 shows  some  examples  of  activity  areas  that 
might  be  included  along  a channel.  A hiking,  cycling, 
or  bridle  trail  along  the  berm,  or  stream  side  fishing 
supplemented  with  a few  picnic  tables  for  the  rest  of 
the  family.  A dike  to  preserve  a marsh  enhanced  by 
a wildlife  planting.  A swimming  "hole"  for  light  use 
or  a wading  pool  in  a suburban  development.  "Green" 
areas  through  suburban  areas  can  be  developed  into  play- 
grounds or  neighborhood  parks.  Long  channels  with 
sufficient  depth  may  be  used  for  canoeing. 


Pool  Area  (Warm  Water  Fish  Habitat) 
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Figure  6 CHANNEL  SEGMENT  WITH  POND,  RIFFLE,  POOL  LAYOUT 
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APPENDIX  A 


Evaluating  Channels  for  Recreation  Developments 

A copy  of  the  chart  and  work  sheet  used  in  this  approach  follow.  The 
use  of  this  approach  requires  a cursory  on-site  investigation.  Ratings 
are  determined  on  the  basis  of  judgment  and  estimations. 

It  should  be  noted  that  this  evaluation  is  for  a "general"  recreation 
development.  Evaluation  of  a site  for  specific  recreation  activities 
entails  consideration  of  many  additional  key  elements  or  a change  in 
the  criteria  already  outlined.  Water  flow  criteria,  for  example,  would 
be  different  if  swimming,  canoeing,  or  hiking  were  the  specific  activi- 
ties under  consideration.  Additional  key  elements,  such  as  length  of 
channel,  size  of  adjacent  land  area,  width  of  adjacent  land  area,  soils, 
depth  of  water  are  some  additional  key  elements  required  for  specific 
activities.  Recreation  developments  should  be  planned  to  preserve  and 
intensify  the  landscape  character.  Planning  should  not  introduce  a 
disturbing,  inharmonious  item  into  the  landscape,  whether  it  is  a 
facility  or  an  activity.  The  planner  should  ensure  that  the  planned 
project  comprises  a complex  of  functions  related  to  the  best  features 
of  the  site.  For  this  reason,  evaluation  and  planning  for  specific 
recreation  activities  should  be  undertaken  by  the  appropriate  special- 
ist. 
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EVALUATING  CHANNELS  AND  ADJACENT  AREAS 
FOR  RECREATION  DEVELOPMENTS 


Multi- 

Rating  (R) 

Key  Elements 

pi  ier 
M 

High 

4 

Moderate 

3 

Fair 

2 

Poor 

1 

Water  Quality 

4* 

No  pollution 
coli  count 
below  200 

ph  6 . 5 - 8 . 3 
coli  count 
200=600/100 
ml 

ph  8.3-9 
or  5-6.5 
coli  coinl 
600=800/ 
100  ml 

ph  9 + or 
5 - coli 
count 
800  +/100 
ml 

Aesthetics 
(vista,  natural 
attractions  near- 
by, visual  appear 
ance  of  channel) 

4* 

Excellent 

Good 

Fair 

Poor 

Water  Flow 

4* 

Little 

variation 

with 

riffles  and 
pools 

Little 
var iation 

Inter- 

mittent 

Lacking 
sufficient 
flow  during 
primary  use 
period 

Adjacent  Land 
Flora 

3 

Wooded  or 
open  with 
12"  trees 
forming  a 
10-207, 
canopy 

Open  with 
grass  and 
small 

trees  form- 
ing a 10- 
207,  canopy 

Open 

with 

grass 

and 

brush 

Open  - 
grass  only 

Distance  From 
Users 

3 

Under  1/2 
Hr. 

1/2 -3/4  Hr. 

3/4-1  Hr. 

Over  1 Hr. 

Distance  to 
Surfaced  Road 

2 

Under  3 
miles 

3-5  miles 

5-10 

miles 

Over  10 
miles 

Width  of  Channel 
at  Normal  Water 
Surface 

2 

20'  + 

11-19  ' 

6-10' 

6'  - 

Maximum  Possible  Score 
High  Potential 
Medium  Potential 
Low  Potential 


88 


67 

45 

22 


- 88 
- 66 
- 44 


If  any  key  element  with  a multiplier  of  4 is  rated  as  "Poor"  (1)  that 
element  must  be  considered  limiting.  Further  consideration  of  other 
key  elements  is  unnecessary.  The  area  is  generally  considered  unsuit- 
able for  recreation  development. 
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SAMPLE  WORKSHEET 


EVALUATING  CHANNELS  AND  ADJACENT  AREAS 
FOR  RECREATION  DEVELOPMENTS 


State  County  Township 

River  Basin  Watershed 

Location  or  Job  No. 


Key  Elements 


Water  Quality  * 

Aesthetics  * 

Water  Flow  * 

Adjacent  Land  Flora 
Distance  From  Users 
Distance  to  Surfaced  Road 
Width  of  Channel  at 

Normal  Water  Surface 


Maximum  Possible  Score 

High  Potential 
Medium  Potential 
Low  Potential 


Multiplier  x Rating 
(M)  (R) 

4 x 

4 x 

4 x 

3 x 

3 x 

2 x 


2 


88 


67  - 88 
45  - 66 
22  - 44 


x = 

Total  Score 


* If  any  key  element  with  a multiplier  of  '4  is  rated  as  "Poor"  (1)  that 
element  must  be  considered  limiting.  Further  consideration  of  other 
key  elements  is  unnecessary.  The  area  is  generally  considered  un- 
suitable for  recreation  development. 
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Sample 

Fish  Stream  Investigation  Guide 


Introduction 


This  guide  provides  a systematic  approach  to  fish  stream  investiga- 
tion. 

Ten  stream  features  are  used  to  obtain  a biological  rating  and  six 
use  factors  are  used  to  obtain  a use  rating. 

Each  stream  feature  is  recorded  and  rated  on  a field  work  sheet, 
using  predetermined  criteria.  The  ten  features  have  been  assigned 
importance  factors  based  on  their  individual  importance  to  the  total 
stream  character.  The  final  rating  is  weighted  average  of  the  individ- 
ual stream  features. 

The  use  rating  is  a judgment  based  on  six  items  related  to  fishing. 


Instructions 


Heading  - Show  watershed,  major  water  courses,  and  important  tributa- 
ries. 

Biological  Investigation 

1.  Designated  Reaches  - The  appraiser  should  divide  the  stream  into 
reaches  from  mouth  to  upper  limit.  The  two  designated  points 
setting  the  limits  of  each  reach  should  be  easily  identifiable  on 
the  ground  by  designated  roads,  natural  markers,  or  points  selected 
due  to  some  physical  land  or  stream  characteristic.  (No  rating) 

Length  - The  length  must  be  measured  in  feet.  (No  rating) 

a.  Average  width  (ft.)  is  measured  at  normal  flow  or  depth. 
Importance  factor  of  2. 

Rating  - 1 point  for  each  foot  of  average  width.  (Maximum  10) 

b.  The  acreage  of  the  stream  is  calculated  by  multiplying  the 
length  (ft.)  by  average  width  (ft.)  and  dividing  by  43560. 
Importance  factor  of  3. 

Rating  - 3 points  for  1/2  acre  or  less  (warm  water  - 1 acre 
or  less  ) 

3-5  points  for  1/2  acre  to  1 acre  (warm  water  - 
1-2  acres) 

6-10  points  for  1 acre  plus  (warm  water  -2  acres 
plus) 
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(Increase  or  decrease  one  point  for  each  1/4  acre)  (warm  water 
- 1/2  acre) 

c.  Flow  - Constant  flow  is  year-long  and  intermittent  only  a por- 
tion of  a year0 
Importance  factor  of  10. 

Rating  - Intermittent  flow 

2 points  base  score.  Subtract  1 point  for  each  15-day 
period  (or  fraction  thereof)  without  flow. 

Constant  flow 

2 points  base  score.  (Maximum  10) 

Cold  - Add  1 point  for  each  1 inch  of  average  flow 
depth  in  riffle. 

Warm  - Add  2 points  for  each  5 inches  average  flow 
depth  in  riffle. 

2.  Water  chemistry  is  measured  in  parts  per  million.  Temperature  is 
recorded  in  degrees  F. 

Water  chemistry  is  a limiting  factor  and  overrides  all  other  factors 
if  any  quality  condition  falls  outside  fish  requirements. 

3.  The  pool  riffle  ratio  is  calculated  by  determining  the  feet  of  each 
reach  in  riffles,  pools,  flats,  and  cascades  or  bedrock  and  calcu- 
lating the  percent  of  total  length.  These  are  defined  as  follows: 

Riffle  - Section  of  stream  containing  gravel  and/or  rubble,  in  which 
surface  water  is  at  least  slightly  turbulent  and  current  is  swift 
enough  that  the  surface  of  the  gravel  and  rubble  is  kept  fairly  free 
from  sand  and  silt.  (Disregard  bottom  material  for  warm  water  stream.) 

Pool  - Section  of  stream  deeper  and  usually  wider  than  normal  with 
appreciably  slower  current  than  immediate  upstream  or  downstream 
areas  and  possessing  adequate  cover  (sheer  depth  or  physical  con- 
dition) for  protection  of  fish.  Stream  bottom  usually  a mixture  of 
silt  and  coarse  sand. 

Flat  - Section  of  stream  with  current  too  slow  to  be  classed  as 
riffle  and  too  shallow  to  be  classed  as  a pool.  Stream  bottom 
usually  composed  of  sand  or  finer  materials,  with  coarse  rubble, 
boulders,  or  bedrock  occasionally  evident. 

Cascades  or  Bedrock  - Section  of  stream  without  pools,  consisting 
primarily  of  bedrock  with  little  rubble,  gravel,  or  other  such 
material  present.  Current  usually  more  swift  than  in  riffles. 

The  sums  of  a,  b,  c,  and  d should  equal  100  percent. 

Importance  factor  of  10. 


247-927  0-78-18 
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Rating  - (Consider  quality  of  pools  and  riffles  for  in- 
group rating.) 

8-10  if  pool-riffle  ratio  is  at  least  35  percent 
pools  and  35  percent  riffles. 

4-8  if  less  than  35  percent  of  stream  is  in  pools 
and  35  percent  or  more  is  riffles  ov_  if  more 
than  35  percent  is  in  pools  and  35  percent  or 
less  is  in  riffles. 

1-3  if  less  than  35  percent  in  pools  and  less  than 
35  percent  in  riffles  (Must  be  in  this  range 
if  intermittent  flow.) 

4.  The  water  source  - Place  a check  mark  to  indicate  water  sources 
for  each  reach.  Number  of  sources  probably  will  decrease  as 
one  progresses  upstream. 

Importance  factor  of  5. 

If  source  is  springs  and  seeps  rate  10. 

If  source  is  runoff  drainage  rate  3. 

If  source  is  lakes  or  ponds  rate  2. 

Any  combination  - 5. 

5.  Dominant  vegetation  - This  item  pertains  to  the  relation  of 
vegetation  to  stream  shade  and  fish  shelter,  not  wildlife 
habitat.  Record  in  feet  for  right  and  left  bank. 

Importance  factor  of  5. 

Rate  each  side  independently  and  average  rating. 

For  each  reach  and  total  stream  length  award  2 points  for  each 
10  percent  of  tree  and  shrub  type.  (Maximum  10) 

6.  Turb idi ty  - Express  as  clear  if  bottom  is  distinctly  seen 
through  4 or  more  feet  of  water,  slightly  turbid  if  bottom 
can  be  seen  at  from  1-  to  4-foot  depth,  and  turb id  if  bottom 
is  only  visible  at  less  than  1 foot.  (If  organic  stain  of 
fertility  prevents  appraisal  of  this  item,  so  note  and  dis- 
regard this  item.) 

Importance  factor  of  5. 

Rating  - Clear  10. 

Slightly  Turbid  5. 

Turbid  1. 

7.  Sediment  - This  item  reflects  the  amount  of  sediment  deposits 
visible  in  the  stream  bottom.  Sediment  influences  pool-riffle 
ratio,  width,  acreage,  turbidity  and  possibly  other  factors. 
Therefore,  it  is  felt  the  rating  of  these  items  will  reflect 
the  effect  of  sediment.  (No  rating) 
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8.  Check  all  visible  or  detectable  sources  of  pollution,  including 
siltation,  altering  water  quality. 

Water  pollution  (as  water  chemistry)  is  a limiting  factor  if 
severe  enough  to  affect  fish  life  or  cause  undesirable  aesthetic 
quality. 

Final 


Multiply  rating  assigned  to  each  element  by  the  importance  factor, 
add  totals,  and  divide  by  total  of  importance  factors. 


BIOLOGICAL  SCORESHEET 


Stream  Feature  Importance  Factor  x Rating  = Score 


la.  2 

lb.  3 

1 c.  10 

2 (Limiting  factor) 

3 10 

4 5 

5 5 

6 5 

7 (No  rating) 

8 (Limiting  factor) 


Total  40 


40 


x 

X 

X 


X 

X 

X 

X 


Total 

= Final  Grade 
]/  Total  Score 


The  final  stream  grade  is  based  on  a scale  of  1 - 10  (10  being  the 
highest  possible  grade).  A grade  of  less  than  5 indicates  a stream 
with  a low  biological  value.  The  process  identifies  characteristics 
by  reach  and  by  evaluating  them,  management  needs  and  potential  can 
be  identified. 
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Use  Investigation 

lo  Fish  Resources  - Name  species  and  specify  category. 

2.  Acces s - This  is  physical  access  due  to  terrain,  stream- 
bank  vegetation,  aquatic  vegetation,  debris,  etc. 

3.  Public  Access  - Indicate  0,  1,  2,  or  3 in  blank. 

4.  Ownership  - Check  if  public  ownership,  etc. 

5.  and  6.  Fishing  Pressure  and  Success  - Record  based  on  local  know- 

ledge, special  studies,  use  evidence,  and  information  in  1 
through  4. 

The  final  rating  indicates  value  of  stream  fishing  area  and  is 
one  of  judgment  made  by  the  investigator  based  on  the  informa- 
tion in  items  1 through  6.  The  present  use  rating  may  be 
limited  by  access  factors  and  a potential  use  rating  substituted 
for  it  if  so  desired. 

Source  References 


1.  Lagler,  Karl  F.  (1952)  Freshwater  Fishery  Biology,  William  C. 
Brown  Company,  Dubuque,  Iowa. 

2.  Seehorn,  Monte  E.  (1970)  A Survey  Procedure  for  Evaluating  Stream 
Fisheries,  24th  Annual  Convention,  Southern  Division,  American 
Fisheries  Society,  Atlanta,  Georgia. 

3°  Unpublished  - A Guide  to  Stream  Appraisal,  UD  - RTSC,  TSC  Advisory 
BIOL  - UD-11,  1967. 


FISH-STREAM  INVESTIGATION  GUIDE 
(Worksheet  for  In-Service  Use  Only) 
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POOR  QUALITY  RECOGNITION  GUIDE 


Pool 

Quality 
Class  No. 

Length 

Depth 

Shelter  — ^ 

1 

2/ 

Greater  than  a.c.w. 

2 ' or  deeper 

3/ 

Abundant 

Greater  than  a.c.w. 

3 1 or  deeper 

Exposed  — ^ 

2 

Greater  than  a.c.w. 

2 ' or  deeper 

Exposed 

Greater  than  a.c.w. 

< 2 ' 

S/ 

Intermediate  — 

Greater  than  a.c.w. 

<2  ' 

Abundant 

3 

Equal  to  a.c.w. 

<2  1 

Intermediate 

Equal  to  a.c.w. 

<2  ' 

Abundant 

4 

Equal  to  a.c.w. 

Shallow  — ! 

Exposed 

Less  than  a.c.w. 

Shallow 

Abundant 

Less  than  a.c.w. 

Shallow 

Intermediate 

Less  than  a.c.w. 

< 2 ' 

Intermediate 

Less  than  a.c.w. 

2 ' or  deeper 

Abundant 

5 

Less  than  a.c.w. 

Shallow 

Exposed 

1 / Logs,  stumps,  boulders,  and  vegetation  in  or  overhanging  pool  or 
overhanging  banks. 

2_/  Average  channel  width. 

_3/  More  than  one-half  perimeter  of  pool  has  cover. 

4/  Less  than  one-quarter  of  pool  perimeter  has  cover. 

5/  One-quarter  to  one-half  perimeter  of  pool  has  cover. 

6/  Approximately  equal  to  average  stream  depth. 
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Habitat  Requirements 

(The  material  below  was  developed  to  illustrate  the  type  of  informa- 
tion that  the  designer  needs  to  have  available.  These  data  can  be 
prepared  for  States  or  Regions  and  then  can  cover  the  appropriate 
species. ) 

Listed  below  are  some  specific  habitat  requirements  for  the  more 
common  wildlife  species.  These  descriptions  can  be  used  to  identify 
existing  habitat,  judge  quality,  and  determine  effects  of  modifica- 
tion. 

1.  Pheasants  - A favorable  land  use  pattern  for  pheasants  consists 

of:  (a)  60-80  percent  in  grain  and  seed  crops,  (b)  10-30  per- 

cent in  grasses  and  legumes,  (c)  5-10  percent  in  brush  and  woods, 
and  (d)  3-5  percent  in  permanently  protected  herbaceous  weedy 
cover. 

Crop  fields  ten  acres  or  more  in  size,  growing  barley,  buckwheat, 
corn,  grain  sorghum,  oats,  proso  millet,  soybeans,  or  wheat, 
should  dominate  the  area.  At  least  two  acres  of  grasses  and 
legumes  (alfalfa,  crownvetch,  orchardgrass , reed  canarygrass, 
sericea  lespedeza,  smooth  brome,  switchgrass,  or  timothy)  per  100 
acres  should  be  present.  Extra  growth  should  be  present  on  at 
least  two  1/8  acre  plots  within  100  feet  of  a vegetative  change. 
It  is  desirable  to  have  at  least  one  1/2  acre  strip  of  annual 
weeds  per  100  acres  and  at  least  1 acre  of  brushy  thickets  or 
woods . 

2.  Bobwhite  Quail  - Bobwhite  usually  thrive  best  where  there  are 
numerous  small  fields  of  grain  and  seed  crops,  interspersed  with 
grassland,  weedy  patches,  and  brush  or  woodland  areas.  They  sel- 
dom are  abundant  in  extensive  and  continuous  areas  of  cropland, 
grassland,  or  dense  woodland. 

At  least  one-half  acre  of  grain  and  seed  crops  (corn,  cowpeas, 
lespedeza,  millet)  should  be  present  within  100  feet  of  woody 
cover  per  each  100  acres  of  habitat  or  a one-half  acre  patch  of 
wild  herbaceous  plants  (panic  grass,  ragweed,  croton,  partridge 
pea).  A combination  of  the  two  is  best.  Unmowed  grass  areas, 
1/10  to  1/4  acres  near  food  and  cover,  provide  necessary  nesting 
sites  for  a covey  range.  Woody  cover  totaling  about  1 acre  per 
100  is  necessary. 

3.  Ruffed  Grouse  - This  grouse  is  a bird  primarily  of  woodland  edges 
and  openings  rather  than  dense  woods.  Hardwood  trees  should  pre- 
dominate. Hardwood  trees,  such  as  alder,  apple,  beech,  birch, 
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cherry,  mountain-ash,  oaks,  and  poplars,  should  be  well  distributed 
throughout  the  woodland.  Openings  within  each  200  acres  of  woodlands 
should  occupy  at  least  1 percent  of  the  area  and  not  exceed  15  percent. 
Such  openings  are  more  valuable  if  a variety  of  vegetation,  such  as 
perennial  weeds,  wild  grass,  shrubby  evergreens,  and  hardwood  brush, 
grow  in  them. 

4.  Cottontails  - Individual  cottontail  rabbits  usually  spend  their  entire 
lifetime  in  less  than  10  acres  of  habitat.  Therefore,  a wide  variety 
of  vegetation  on  small-sized  areas  is  desirable  for  good  habitat.  Four 
or  five  small  patches  (one-tenth  to  one-quarter  acres)  of  grasses  and 
legumes,  wild  or  domesticated,  in  and  around  woody  and  brushy  or  cul- 
tivated fields,  provide  good  food  and  cover.  At  least  50  percent  of 
any  area  of  rabbit  habitat  should  be  in  hardwood  trees  and  shrubs. 

5.  Woodcock  - Habitat  for  woodcock  may  be  described  as  a mixture  of  grass, 
perennial  weeds,  shrubby  evergreens,  and  brushy  thickets,  generally 
occurring  on  moist  soils  having  fairly  high  fertility  and  considerable 
organic  matter  (condition  favorable  to  earthworm  abundance). 

Brushy  thickets  should  occupy  40  - 50  percent  of  the  area,  and  should 
not  exceed  15  feet  in  height.  At  least  500  square  feet  per  acre  of 
brush  should  be  in  grass  and  perennial  weeds  and  brush  should  not  ex- 
ceed 2 feet  in  height  for  50  feet  around  openings.  Several  small 
clumps  of  evergreen,  shrubs  near  grassy  areas  provide  nesting  and 
brood  rearing  sites. 

6.  White-tailed  Deer  - This  deer  is  an  animal  of  forest  lands  broken  by 
small  clearings,  lakes,  swamps,  crop  fields,  cut-over  areas,  pastures, 
hay  meadows,  etc.,  which  create  edge  or  allow  sunlight  to  reach  the 
ground  so  that  shrubs  and  bushes  will  grow.  Deer  prefer  open  forest 
which  provides  plentiful  understory  vegetation. 

One  5-acre  opening  per  each  200  acres  of  woodland  provides  grasses 
and  legumes  for  summer  and  spring  food.  In  addition,  one  5-  to  20- 
acre  opening  per  each  200  acres  of  growing  woodlands , shrubs , and 
vines  increases  the  food  supply. 

7.  Tree  Squirrels  - The  fox  squirrel  is  largely  an  inhabitant  of  mature, 
somewhat  open,  hardwood  forests  and  woodlots.  The  gray  squirrel  lives 
primarily  in  large  unbroken  bottomland  hardwood  forests.  The  ranges 
overlap  considerably,  but  normally  one  species  predominates.  Both 
species  occupy  two  types  of  nests  - den  and  leaf.  Den  trees  provide 
the  best  protection.  Two  or  three  good  den  trees  per  acre  are  desir- 
able. Nuts  and  acorns  are  staple  foods;  seed,  buds,  and  fruits  also 
are  eaten.  Each  animal  requires  about  a pound  and  a half  of  food 

per  week.  Nut-bearing  trees  should  be  well  distributed  throughout 
woodland,  at  least  two  per  acre. 

8.  Non-Game  Land  Birds  - Non-game  birds  include  a great  variety  of  species 
which  are  found  in  nearly  every  kind  of  vegetative  community.  These 
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species  eat  all  kinds  of  foods,  have  many  adaptations  for  nesting, 
feeding,  escape,  migration,  etc.  Therefore,  a variety  of  habitats 
will  support  a variety  of  species.  As  a rule,  the  greater  the 
variety  of  plant  forms  on  a given  tract  of  land,  the  larger  the 
number  of  bird  species  and  the  more  the  individuals.  Such  areas 
may  be  grassy  areas,  grain  and  seed  cropfields,  weedy  spots, 
brush  areas,  and  woodlands.  They  also  may  be  lawns,  pastures, 
meadows,  fencerows , small  woodlots,  barnyards,  pond  edges,  etc. 

9.  Waterfowl  and  Other  Wetland  Birds  and  Muskrats 


a.  Ducks  (mallard,  pintail,  black  duck,  teal,  wood  duck): 

Ducks  require  several  different  vegetative  types  and  water 
conditions  for  nesting,  rearing  broods,  adult  moult,  and 
feeding : 

(1)  Courting,  pairing,  and  mating  (mid-winter  and  early  spring, 
before  nesting  activities)  require  little  or  no  vegetative 
cover,  as  these  activities  generally  are  performed  on 
small  open-water  areas  with  bare  shorelines.  Mating 
habitat  usually  is  one  or  several  small,  shallow,  open- 
water  ponds. 

(2)  Nesting  (March  to  May).  Mallards,  teal,  and  black  ducks 
nest  on  the  ground,  usually  within  150  yards  of  water, 
but  sometimes  farther  away  in  medium-height  vegetation, 
such  as  alfalfa,  redtop,  and  other  grasses  as  well  as 
emergent  type  wetland  grasses,  sedges,  and  rushes.  Wood 
ducks  nest  in  trees  along  water  or  waterways  where  they 
prefer  a hollow  or  natural  cavity  in  the  trunk. 

(3)  Rearing  the  broods  (May  to  early  September).  Immediately 
after  the  young  are  hatched,  the  hen  leads  them  from  the 
nest  to  a water  area  several  feet  deep,  surrounded  by  or 
interspersed  with  marsh  plants,  such  as  bulrushes,  sedges, 
cattails,  and  other  aquatic  plants.  Wood  ducks  desire 
woody  cover  along  streams  or  ponds. 

(4)  Loafing.  Ducks  spend  a great  deal  of  their  time  loafing, 
sunning,  or  preening  themselves  on  mud  flats,  knolls,  or 
small  islands.  Wood  ducks  commonly  perch  in  trees. 

(5)  Feeding.  Black  ducks,  mallards,  teal,  and  wood  ducks  feed 
primarily  on  plant  seeds.  They  occasionally  take  snails, 
insects,  and  herbaceous  vegetation.  Important  plants  are 
corn,  buckwheat,  sorghum,  barley,  pondweeds,  wildrice, 
millets,  bulrushes,  smar tweeds,  naiad,  and  white  and  pin 
oak  acorns.  Water , of  course,  is  an  essential  element 

of  the  habitat. 


Swamp  or  marsh  areas,  1 acre  and  larger,  are  more  valuable. 
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The  following  water  conditions  are  desirable  on  feeding  a 
and  brood  rearing  areas:  At  least  50  percent  of  the  area 

with  water  less  than  3 feet  deep;  small  (500-2,000  square 
feet)  open-water  areas  scattered  throughout,  about  5 per 
acre. 

b.  Muskrats 


Muskrats  are  semi-aquatic  and  need  water  to  live.  The  entrance 
to  muskrat  houses  (or  dens)  is  normally  4 to  16  inches  beneath 
the  water  level.  Muskrats  use  open  water  for  travel,  and  their 
diet  is  composed  chiefly  of  leaves  and  roots  of  emergent  and 
aquatic  vegetation. 

c.  Wading  Birds  - Consideration  is  given  here  to  four  families  of 
birds  : 

Ardeidae  (Herons  and  Bitterns) ; C iconiidae  (Storks  and  Wood 
Ibises);  Threskiornith idae  (Ibises  and  Spoonbills);  and  Gruidae 
(Cranes ) . 

Obviously,  many  species  of  wildlife,  such  as  other  water  birds  -- 
amphibians,  reptiles,  fishes,  and  some  mammals,  particularly  the 
marsh  and  swamp  dwellers  --  benefit  from  management  of  wading 
bird  habitat. 

The  wading  bird  group  feeds  largely  on  small  aquatic  life  found 
along  edges  and  in  extensive  shallows  of  lakes  and  swampy  areas. 
All  kinds  of  small  fish,  both  game  and  rough  fish,  have  been 
found  in  food  habitat  studies.  Salamanders,  frogs,  and  aquatic 
insects  make  up  a part  of  the  diet.  Sluggish  swimmers  and  pro- 
lific producers,  such  as  gambusia  (top  minnows) 5 make  good  food 
sources . 

Herons  and  the  like  usually  nest  in  groups  of  a few  to  several 
hundred  or  more.  These  rookeries  may  have  several  species  nest- 
ing in  one  tree.  The  nesting  birds  prefer  to  build  over  water 
several  feet  deep.  Cypress  swamps  with  enough  underbrush,  such 
as  buttonbush,  make  desired  nesting  sites. 

It  is  generally  believed  that  water  fluctuation  plays  an  impor- 
tant role  in  nesting  behavior.  Plentiful  water  supply  in  early 
spring  apparently  stimulates  breeding.  Low  water  levels  con- 
centrating the  food  source  4 to  6 weeks  later  provide  good 
feeding  conditions  when  the  young  are  in  the  nest. 
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